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Description * 

[0001] The present invention relates to a protein which induces the interferons (hereinafter abbreviated as "IFN-y") 
production by immunocompetent cells, and a monoclonal antibody specific to the protein. 

5 [0002] It is said that IFN-y is a protein which has antiviral-, antioncotic- and immunoregulatory-activities and which 
is produced by immunocompetent cells stimulated with antigens and/or mitogens. Because of these biological activities, 
IFN-y * s expected to be used as an antitumor agent since the discovery, and energetically studied on clinical trials as a 
therapeutic agent for malignant tumors in general including brain tumors. IFN-y preparations now commercially availa- 
ble are roughly classified into 2 groups, i.e. natural IFN-75 produced by immunocompetent cells and recombinant IFN- 

w ys produced by transformants prepared by introducing DNAs which encode the natural IFN-ys into microorganisms of 
the species Escherichia coli. In such clinical trials, either of these IFN-ys is administered to patients as an "exogenous 
IFN-y". 

[0003] Among these IFN-ys, the natural IFN-y is usually produced by culturing established immunocompetent cells 
in nutrient culture media supplemented with IFN-y inducers to form IFN-y, and purifying the IFN-y. It is known that the 

15 type of IFN-y inducers greatly influence on the production yield and the facility of IFN-y purification, as well as the safe- 
ness of the final products. Generally, mitogens such as concanavalin A (Con A), Lens culinaris, Phytolacca americana, 
endotoxin and lipopolysaccharide are used. These mitogens, however, have problems of their molecular and quality 
varying dependency on their origins and purification methods, as well as the difficulty of obtaining a desired amount of 
preparations with a constant IFN-y inducibility. In addition, most of these mitogens induce unfavorable side effects when 

20 administered to living bodies, and some of them may cause toxicity, so that it is substantially difficult to induce the IFN- 
y production by the direct administration to living bodies. 

[0004] During the study of cytokines produced by mammalian cells, the present inventors have found in mouse liver 
a novel substance which induces the IFN-y production. They isolated the substance using two or more conventional 
purification methods including column chromatography mainly, studied the property and feature and revealing that the 
25 reality is a protein having the following physicochemical properties: 

(1) Molecular weight 

19,000±5,000 daltons on gel filtration sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE); 

(2) Isoelectric point (pi) 

30 4.8±1 .0 on chromatofocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in SEQ ID NOs:1 and 2; and 

(4) Biological activity 

Inducing the interferon-y production by immunocompetent cells. 

35 

[0005] Such a protein with these physicochemical properties has never been reported, and the data concludes that 
the protein is novel. The present inventors energetically studied on mouse liver cells and have succeeded to isolate a 
DNA encoding the protein. The decoding of the protein revealed that the DNA consists of 471 base pairs and encodes 
the amino acid sequence in SEQ ID NO:3. When the DNA was introduced into microorganisms of the species 
40 Escherichia coli to express the production of the present protein, the protein was produced in the culture in a satisfac- 
torily high yield. These findings are disclosed in Japanese Patent Application No.1 84,1 62/94 applied by the present 
applicant. 

[0006] As is described above, the present protein has an activity of inducing the IFN-y production by immunocom- 
petent cells, and is expected to be used in a variety of uses as an anti-virus agent, antioncotic agent, antiseptic, immu- 
45 noregulatory agent or a platelet-increasing agent. Generally, in the case of incorporating biologically active proteins into 
pharmaceuticals, the developments of methods for purifying such proteins highly and effectively and those for assaying 
samples containing these proteins are inevitable. The material most suitable for the purification and assay is a mono- 
clonal antibody, but such a monoclonal antibody specific to the protein is not established. 

[0007] In view of the foregoing, the present invention aims to provide a novel protein which induces the IFN-y pro- 
50 duction by immunocompetent cells. 

[0008] It is another aim of the present invention to provide a DNA encoding the protein. 

[0009] It is further aim of the present invention to provide a replicable recombinant DNA which contains the DNA 
and a self-replicable vector. 

[0010] It is yet another aim of the present invention to provide a transformant obtainable by introducing the recom- 
55 binant DNA into an appropriate host. 

[0011] It is another aim of the present invention to provide a process for preparing the protein by using the recom- 
binant DNA technology. 

[0012] It is another aim of the present invention to provide a novel monoclonal antibody which is specific to the pro- 
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tein having the aforesaid physicochemical properties. 

[0013] It is another aim of the present invention to provide a hybridoma which produces the monoclonal antibody. 
[0014] It is another aim of the present invention to provide a process for preparing the monoclonal antibody. 
[0015] It is another aim of the present invention to provide a purification method with the monoclonal antibody. 
5 [0016] It is another aim of the present invention to provide a method for detecting the protein with the monoclonal 
antibody. 

[0017] The present invention provides a protein having the following physicochemical properties: 

(1) Molecular weight 

io 19,00015,000 daltons on gel filtration and sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE); 

(2) Isoelectric point (pi) 
4.8+1.0 on chromatofocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in SEQ ID NOs:1 and 2; and 
is (4) Biological activity 

Inducing the IFN-y production by immunocompetent cells. 

[0018] The present invention further provides a DNA which encodes the protein. 

[0019] The present invention further provides a replicable recombinant DNA which contains the DNA and a self- 
20 replicable vector. 

[0020] The present invention further provides a transformant obtainable by introducing the replicable recombinant 
DNA into an appropriate host. 

[0021] The present invention further provides a process for preparing the protein comprising culturing the trans- 
formant in a nutrient culture medium, and collecting the formed protein from the resultant culture. 
25 [0022] The present invention further provides a monoclonal antibody which is specific to a protein having the fol- 
lowing physicochemical properties: 

(1) Molecular weight 

19,000±5,000 daltons on gel filtration and sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE); 
30 (2) Isoelectric point (pi) 

4.8±1 .0 on chromatofocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in SEQ ID NOs:1 and 2; and 

(4) Biological activity 

35 Inducing the IFN-y production by immunocompetent cells. 

[0023] The present invention further provides a hybridoma which can produce the monoclonal antibody. 
[0024] The present invention further provides a process comprising culturing in vivo or in vitro hybridomas capable 
of producing the monoclonal antibody, and collecting the monoclonal antibody from the resultant body fluids or cultures. 
40 [0025] The present invention further provides a method for purifying the present protein comprising contacting a 
monoclonal antibody specific to the protein to a mixture containing the protein and impurities to adsorb the protein on 
the monoclonal antibody, and desorbing the adsorbed protein from the monoclonal antibody. 

[0026] The present invention further provides a method for detecting the present protein comprising contacting the 
monoclonal antibody with test samples containing the protein to immunologically react them. 
45 [0027] The invention will now be described in further detail, by way of example only, with reference to the accom- 
panying drawings, in which: 

FIG.1 is an elution pattern of peptide fragments, obtained by trypsinizing the present protein, on high-performance 
liquid chromatography (HPLC). 
so FIG.2 is a structure of pMGTG-1, a recombinant DNA according to the present invention. 
FIG .3 is a structure of recombinant DNA pKGFM5. 

FIG.4 is a figure of the reactivity of the present monoclonal antibody M-1 mAb with a protein on Western blot tech- 
nique. 

55 [0028] In these figures, the symbol "MGTG-1 cDNA° means cDNA which encodes the present protein; "KGFM5 
cDNA", cDNA which encodes the present protein; "Ptac", tac promoter; "GST, glutathione S transferase gene; 
"AmpR", ampicillin resistant gene; "ori", replication initiation site of Escherichia coli; and "rrnBT1T2", terminator of 
ribosome RNA operon. 
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[0029] The present invention is based on the finding of a novel protein which induces the I FN-y production by immu- 
nocompetent cells. During studying on cytokines produced from mammalian cells, the present inventors found the exist- 
ence of a novel substance, which induces the IFN-y production, in mouse liver. They isolated the substance by 
combining purification methods comprising column chromatography mainly, studied the property and feature and 
5 revealing that the reality is a protein having the following physicochemical properties: 

(1) Molecular weight 

19,000±5,000 daltons on gel filtration sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE); 

(2) Isoelectric point (pi) 

w 4.8±1 .0 on chromatofocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences in SEQ ID NOs:1 and 2; and 

(4) Biological activity 

Inducing the interferon-y production by immunocompetent cells. 

15 

[0030] The protein according to the present invention has a specific property of inducing the IFN-y production when 
acts on immunocompetent cells. 

[0031] The DNA according to the present invention expresses the production of the present protein by introducing 
the DNA into an appropriate self-replicable vector to form a recombinant DNA, and introducing the recombinant DNA 
20 into a host capable of proliferating without difficulty but inherently incapable of producing the protein. 

[0032] The replicable recombinant DNA according to the present invention expresses the production of the present 
protein when introduced into a host capable of proliferating without difficulty but inherently incapable of producing the 
protein. 

[0033] The transformant produces the present protein in a desired amount with a relative easiness when cultured 
25 by the process according to the present invention. 

[0034] The present monoclonal antibody specifically reacts with a protein having specific physicochemical proper- 
ties. 

[0035] The present hybridoma forms the monoclonal antibody when cultured in vivo and in vitro. 
[0036] The present process facilitates the production of the monoclonal antibody in a desired amount. 
30 [0037] The present purification method yields the present protein with a relatively- high purity from a mixture con- 
taining it along with impurities. 

[0038] In the present detection method, the present protein in test samples only exhibits an immunoreaction, so 
that the protein is detected quantitatively and qualitatively by monitoring the immunoreaction with a suitable method. 
[0039] The protein according to the present invention includes proteins in general which have specific physico- 

35 chemical properties and those derived from natural sources and those prepared by the recombinant DNA technology. 
The present protein generally has a partially or totally revealed amino acid sequence, for example, the amino acid 
sequence containing the N-terminal in SEQ ID NO:3 and its homologous amino acid sequences. Variants, which have 
complementary amino acid sequences to the one in SEQ ID NO:3, can be obtained by replacing one or more amino 
acids in SEQ ID NO:3 with other amino acids without alternating the inherent biological properties of the present pro- 

40 tein. Even when used the same DNA and depending on hosts into which the DNA is introduced, as well as on the com- 
ponents of nutrient culture media, the conditions of cultivation temperature and pH for culturtng transformants 
containing the DNA, it may be formed variants, which are defective in or additionally contain one or more amino acids 
near to the N-terminal in SEQ ID NO:3 while retaining the inherent biological properties of the protein, by the modifica- 
tion with internal enzymes of the hosts after the DNA expression. The present protein includes such variants as long as 

45 they induce the I FN-y production by immunocompetent cells. 

[0040] The present protein can be prepared by cuituring in nutrient culture media transformants with DNAs encod- 
ing the protein, and collecting the formed protein from the resultant cultures. The transformants usable in the present 
invention can be obtained by introducing into appropriate hosts DNAs having the base sequence in SEQ ID NO:4, 
homologous base sequences to it, and complementary ones to these base sequences. One or more bases in those 

so base sequences can be replaced with other bases by means of the degeneracy of genetic code without alternating the 
amino acid sequence of the present protein. To express the production of the protein in hosts with such DNAs, one or 
more bases in base sequences, which encode the present protein or its variants, can be replaced with other bases. 
[0041] Any DNA can be used in the present invention as long as it has one of those base sequences independently 
of their origin, i.e. those from natural sources or those prepared by chemical synthesis. The natural sources include, for 

55 example, mouse liver cells from which a gene containing the present DNA is obtainable. The preparation procedure is 
as follows: Remove mouse liver previously challenged with stimulants such as Corynebacterium parvum, BCG (Bacil- 
lus Calmette-Guerin, mitogen and lipopolysaccharide, disrupt the liver cells, and isolate the whole DNAs from the 
resultant suspension. Treat the DNAs with oligo-dT cellulose or oligo-oT latex to obtain poly (A)*RNA, and fractionate 
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it using a sucrose density gradient buffer to isolate mRNA. Allow a reverse transcriptase and a polymerase to act on the 
mRNA as a template to form double-stranded cDNA, introduce the cDNA into an appropriate self-replicable vector, and 
introduce the resultant recombinant DNA into an appropriate host such as Escherichia coli. Culture the resultant trans- 
formant in a nutrient culture medium, and collect the proliferated cells containing the DNA encoding the present protein 

5 by the colony hybridization method. The DNA according to the present invention is obtainable by treating the transform- 
ants with conventional methods. To artificially produce the present DNA, for example, it is prepared by the chemical syn- 
thesis based on the base sequence in SEQ ID NO:4, or by introducing a DNA which encodes the amino acid sequence 
in SEQ ID NO:3 into an appropriate vector to form a recombinant DNA, introducing the recombinant DNA into an appro- 
priate host, culturing the resultant transformant in a nutrient culture medium, isolating the proliferated cells from the cul- 

70 ture, and collecting plasmids containing the objective DNA from the cells. 

[0042] The DNA was generally introduced into hosts in the form of a recombinant DNA. Such a recombinant DNA 
usually contains the DNA and a self-replicable vector, and it can be readily prepared by the recombinant DNA technol- 
ogy in general if only the DNA is in hand. Examples of such self-replicable vector are plasmid vectors such as pKK223- 
2, pGEX-2T, pRL-A,, pBTrp2 DNA, pUB1 10, YEp13, Ti plasmid, Ri plasmid and pBI121 . Among these vectors, pKK223- 

75 2, pGEX-2T, pRL-A., pBTrp2 DNA, pUB1 10 and YEp13 are suitably used when the present DNA is expressed in pro- 
caryotes such as yeasts and other microorganisms of the species Escherichia coli and Bacillus subtilis, while Ti plas- 
mid, Ri plasmid and pBI121 are suitably used for the expression in animal- and plant-cells. 

[0043] To introduce the present DNA into these vectors, conventional methods used in this field can be arbitrarily 
used: Genes containing the present DNA and self-replicable vectors are cleaved with restriction enzymes and/or ultra- 

20 sonic, and the resultant DNA fragments and vector fragments are ligated. To cleave genes and vectors, restriction 
enzymes which specifically act on nucleotides, more particularly, type II restriction enzymes such as Sau 3AI, Eco RI, 
Hind III, Bam HI, Sal I, Xba I, Sac I and Pst I, can be used to facilitate the ligation of DNA fragments and vector frag- 
ments. To ligate DNA fragments and vector fragments, they are, if necessary, first annealed, then treated with a DNA 
ligase in vivo or in vitro. The recombinant DNAs thus obtained can be readily introduced into appropriate hosts, and 

25 this enables the limitless replication of the DNAs by culturing the transform ants. 

[0044] The recombinant DNAs usable in the present invention can be introduced into appropriate hosts such as 
yeasts and other microorganisms of the species Escherichia coli and Bacillus subtilis: When microorganisms of the 
species Escherichia coli are used as a host, they are cultured in the presence of recombinant DNAs and calcium ions, 
and the competent cell method and the protoplast method are used when microorganisms of the species Bacillus 

30 subtilis are used as a host. To clone the objective transformants, they are selected by the colony hybridization method 
or by culturing all the transformants in nutrient culture media, and selecting ones which produce proteins capable of 
inducing immunocompetent cells to produce IFN-y. 

[0045] The transformants thus obtained produce the present protein intracellularly or extracellularly when cultured 
in nutrient culture media. Examples of such nutrient culture media are those in the form of liquid in general which con- 

35 tain carbon sources, nitrogen sources and minerals, as well as amino acids and/or vitamins as a micronutrient. The car- 
bon sources usable in the present invention include saccharides such as starch, starch hydrolysates, glucose, fructose 
and sucrose. The nitrogen sources usable in the present invention include organic and inorganic nitrogen-containing 
compounds such as ammonia and their salts, urea, nitrates, peptone, yeast extract, defatted soy bean, corn steep liq- 
uor, and beef extract. The transformants are inoculated into nutrient culture media and incubated at a temperature of 

40 25-65°C and at a pH of 2-8 for about 1-10 days under aerobic conditions by the agitation-aeration method, etc., to 
obtain cultures containing the present protein. Although the cultures can be used intact as an IFN-y inducer, they are, if 
necessary, subjected to ultrasonication and/or cell lysis enzymes to disrupt cells, followed by filtering or centrifuging the 
resultant suspensions to remove intact cells and cell debris, and further purifying the resultant supernatants containing 
the present protein. The purification methods usable in the present invention are, for example, those which are gener- 

45 ally used in this field to purify biologically active substances, i.e. concentration, salting out, dialysis, separatory sedi- 
mentation, gel filtration chromatography, ion-exchange chromatography, hydrophobic chromatography, affinity 
chromatography, chromatofocusing, gel electrophoresis, and isoelectric point electrophoresis, and, if necessary, two or 
more of them can be used in combination. The resultant purified solutions containing the present protein can be con- 
centrated and/or lyophilized into liquids or solids to meet to final uses. 

50 [0046] As is described above, the present protein has an activity of inducing IFN-y production by immunocompetent 
cells. Because of this, the present protein can be arbitrarily used as therapeutic and/or prophylactic agents, for example, 
those for virus diseases such as AIDS and condyloma acuminatum; malignant tumors such as renal cancer, granuloma, 
mycosis fungoides and cerebral tumor; and immune disorders such as articular rheumatism and allergy. 
[0047] The present protein is allowed to coexist in nutrient culture media to induce the IFN^y production by immu- 

55 nocompetent cells, or directly administered to mammals for the treatment and/or prevention of IFN-y susceptive dis- 
eases. In the former, leukocytes separated from peripheral blood of mammals, or established immunocompetent cells 
such as HBL-38 cells, MO cells, Jurkat cells, EL-4 cells and L1 2-R4 cells are suspended in nutrient culture media con- 
taining the present protein to induce the IFN-y production. If necessary, such nutrient culture media can be supple- 
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mented with T-cell stimulants such as mitogen, interleukin 2, and anti-CD 3 antibody, and the cells are cultured at 30- 
40°C and at a pH of about 5-8 for about 1-100 hours while the media were replacing with fresh ones. IFN-y can be 
obtained from the resultant cultures with one or more conventional methods in general used for purifying biologically 
active substances, for example, concentration, salting out, dialysis, separatory sedimentation, gel filtration chromatog- 

5 raphy, ion-exchange chromatography, chromatofocusing, gel electrophoresis, and isoelectric point electrophoresis. 
[0048] To treat and/or prevent I FN-y susceptive diseases, the IFN-y inducing agents according to the present inven- 
tion are directly administered to mammals: For example, the agents are orally administered to mammals after formu- 
lated into appropriate forms, or injected to the mammals intradermal^, subcutaneously, muscularly, intravenously and 
peritoneally. The mammals, which can be administered with the present protein, are not restricted to human, and 

w include other animals such as mouse, rat, hamster, rabbit, dog, cat, caw, horse, coat, sheep, pig and monkey. Since the 
present protein has a strong IFN-y inducibility and an extremely-low toxicity, it readily induces the I FN-y production with 
only a small amount without causing serious side effects even when administered to in a relatively-large amount. Thus, 
the present protein induces the desired amount of IFN-y production smoothly without strictly controlling the administra- 
tion, so that it can be used as an IFN-y production inducing agent. 

15 [0049] The present protein has a feature of strongly activating the cytotoxicity of killer cells, and, when used in com- 
bination with interleukin 2 and/or tumor necrosis factor (TNF), it exerts a strong effect on the therapeutic effect and/or 
the reduction of side effects in the treatment of adoptive immunotherapy for malignant tumors including solid carcino- 
mas such as lung cancer, renal cancer, and breast cancer. 

[0050] The monoclonal antibody according to the present invention includes those in general, which are specific to 

20 the proteins having the above physicochemical properties independently of their sources, origins and classes. Exam- 
ples of proteins are those which have the amino acid sequence in SEQ ID NO:3 and its homologous ones. Such homol- 
ogous amino acid sequences include those wherein one or more amino acids are replaced with other amino acids 
without substantially alternating the physicochemical properties of the protein, as well as those which one or more 
amino acids are added to the N- and C-terminals in SEQ ID NO:3, and those which are defective in one or more amino 

25 acids in the N- and C-terminals in SEQ ID NO:3. 

[0051] The present monoclonal antibody can be obtained by using the protein or its antigenic fragments as an anti- 
gen. For example, the monoclonal antibody can be obtained by hybridizing antibody-producing cells, collected from 
mammals which had been immunized with those antigens, with cells that infinitely proliferate, cloning hybridomas capa- 
ble of producing the present monoclonal antibody, and culturing the clones in nutrient culture media in vitro. 

30 [0052] The proteins usable as an antigen in the present invention can be obtained from mouse liver cells as dis- 
closed in Japanese Patent Application No. 184, 162/94, or obtained by culturing in nutrient culture media transformants 
into which DNAs encoding the amino acid sequence in SEQ ID NO:3 or its homologous ones are introduced. Generally, 
they are used in a completely- or partially-purified form. To obtain the antigenic fragments, the resultant completely- or 
partially-purified proteins are hydrolyzed chemically or enzymatically, or subjected to peptide synthesis using the amino 

35 acid sequence in SEQ ID NO:3. 

[0053] The immunization methods usable in the present invention include conventional ones: For example, those 
which comprise injecting the antigens with or without adjuvants into mammals intravenously, subcutaneously or intra- 
peritoneally, and feeding the mammals for a prescribed period of time. The mammals usable in the present invention 
are not specifically restricted to as long as they produce the objective antibody-producing cells independently of their 

40 kind, size and sex. Although rodents such as rat, mouse and hamster are generally used, the most suitable mammal is 
chosen therefrom in view of the adaptivity to the following mammalian cells which infinitely proliferate. Depending on 
the kind and size of mammals, the total dose of antigens is generally about 5-500 ng/mouse and administered to in 2- 
5 shots at an interval of about 1-2 weeks. On 3-5 days after the final administration, the spleens of the mammals are 
extracted and dispersed in nutrient culture media to obtain a spleen cell suspension as an antibody-producing cell. 

45 [0054] The resultant cells and mammalian cells capable of infinitely proliferating are hybridized to obtain hybridized 
cells containing the objective hybridomas. The mammalian cells capable of infinitely proliferating generally include cell 
lines from mouse bone marrow such as P3-NS1 -Ag4-1 cells (ATCC TIB1 8), P3-X63-Ag8 cells (ATCC TIB9) and SP2/Q- 
Ag14cells (ATCC CRL1581), and their variants. The methods to fuse cells include conventional methods wherein elec- 
tric pulses and fusion accelerators such as polyethylene glycol and sendai virus (HVJ) are used. For example, those 

so which comprise suspending antigen-producing cells and mammalian cells capable of infinitely proliferating in a ratio of 
about 1:1 to 1:10 in cell fusion media containing fusion accelerators, and incubating at about 30-40°C for about 1 -5 min. 
The media for cell fusion used in the present invention are those in generally used in this field such as MEM medium, 
RPM 1 1 640 medium and Iscove's modified Dulbecco's medium, and it is desirable to exclude serums such as calf serum 
from the media. 

55 [0055] To select the objective hybridoma, the resultant fused ceils are transferred to selection media such as HAT 
medium, incubated at about 30-40°C for about 3 days to 3 weeks to die cells other than the objective hybridomas. The 
hybridomas are cultured in usual manner, and the antibody secreted in the culture is tested for reactivity with the 
present protein. Conventional assays for detecting antibodies such as enzyme immunoassay, radioimmunoassay and 
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bioassay are used in this experiment. For example, these assays are described in detail in *Tan-kuron Kotai Jikken 
Manual (Monoclonal Antibody Experimental Manual)", edited by Sakuji TOYAMA and Tamie ANDO, pp. 105- 152 (1991 ). 
Hybridomas capable of producing antibodies specific to the present protein are speedily cloned by the limiting dilution 
to obtain the present hybridoma. 

5 [0056] The monoclonal antibody according to the present invention can be obtained by culturing the present hydri- 
doma in vivo or in vitro. The culture methods usable in the present invention include conventional ones used for cultur- 
ing mammalian cells. For example, in the case of in vitro culture, the monoclonal antibody is collected from the resultant 
culture, while in the case of in vivo culture wherein the hybridoma is transplanted in warm-blooded animals and cultured 
in the bodies, the monoclonal antibody is collected from the animals's ascites or blood. The later described hybridoma 

io M-1 is characteristic of a relatively- high productivity of the monoclonal antibody and a readily proliferation in vivo and in 
vitro. The methods for collecting the monoclonal antibody from the resultant cultures, ascites and blood include conven- 
tional methods generally used in this field to purify antibodies in general. For example, salting out, dialysis, filtration, 
concentration, centrifugation, separatory sedimentation, gel filtration chromatography, ion-exchange chromatography, 
affinity chromatography, high-performance liquid chromatography (HPLC), gel electrophoresis and isoelectric point 

15 electrophoresis, can be used alone or in combination. The purified monoclonal antibody is concentrated and/or dried 
into a liquid or solid form to meet to final use. 

[0057] The monoclonal antibody according to the present invention is extremely useful in the purification of the 
present protein on immunoaffinity chromatography. Such a purification method comprises a step of contacting the 
present monoclonal antibody with a mixture containing the present protein and impurities, and a step of desorbing the 

20 adsorbed protein from the monoclonal antibody. These steps are usually carried out in an aqueous medium. The 
present monoclonal antibody is generally used under the conditions of coupling to aqueous carriers in a gel form which 
are packed in cylindrical columns, followed by feeding to the columns with mouse liver cell extracts, cultures of trans- 
formants, or their partially purified products to substantially adsorb the protein on the monoclonal antibody. The 
adsorbed protein is readily desorbed by changing the pH around the monoclonal antibody, for example, in the case of 

25 using a monoclonal antibody belonging to IgG class, the present protein is eluted therefrom at an acid pH, usually, a pH 
of 2-3, while in the case of using a monoclonal antibody belonging to IgM class, it is eluted at an alkaline pH, usually, a 
pH of 10-11. 

[0058] The present purification method can purify the present protein with the minimum labor cost and time. As is 
described above, the present protein has an activity of inducing the I FN-y production by immunocompetent cells, so that 

30 the resultant purified protein can be used as an inducer for the I FN-y production by cell culturing methods, and can be 
arbitrarily used as a therapeutic and/or prophylactic agent for viral diseases such as AIDS and condyloma, malignant 
tumors such as renal cancer, granuloma, mycosis fungoides and cerebral tumor. When the protein according to the 
present invention has an activity of increasing the cytotoxicity of killer cells, it can be used in combination with inter- 
leukin 2 and/or tumor necrosis factor to exert a remarkable efficacy on the therapeutic effect in the treatment of malig- 

35 nant tumors including solid carcinomas such as lung cancer, renal cancer and breast cancer, and it also decreases the 
side effects. 

[0059] The monoclonal antibody according to the present invention is widely useful in the field where the detection 
of the present protein is required. When the present monoclonal antibody is used in combination with labeled immu- 
noassays such as radioimmunoassay, enzyme immunoassay and fluorescent immunoassay, the present protein in test 

40 samples is quickly and accurately quantified or qualified. In such analyses, the present monoclonal antibody is labeled 
with radioactive substances, enzymes and/or fluorescent substances prior to use. Since the present monoclonal anti- 
body specifically binds to the present protein to cause an immunoreaction, a trace amount of the present protein in test 
samples can be detected by measuring the level of the immunoreaction based on these labeled substances as a 
marker. As compared with bioassays, labeled immunoassays have features that it can assay many samples at the same 

45 time in a relatively short time, low labor-cost, and high accuracy. Therefore, the present detection method is extremely 
useful for controlling the steps in the preparation of the present protein and in the quality control of the final products. 
Although the present invention does not describe in detail the method for labeling monoclonal antibodies and the 
labeled assays because the present invention in itself does not relate to them, examples of such are described by P. 
Tijssen in "Practice and Theory of Enzyme Immunoassays", pp.1 96-347 (1 989). 

so [0060] The following experiments describe the present protein: 

Experiment 1 

Preparation of purified protein 

55 

[0061] To 600 8-week-old female CD-1 mice was intraperitonealy injected one mg/mouse of dead Corynebacterium 
parvum (ATCC 1 1827) which had been obtained by preheating at 60°C for one hour, and the mice were fed in usual 
manner for 7 days and intravenously injected with one ng/mouse of a purified lipopolysaccharide derived from 
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Escherichia coli. On 1 -2 hours after the intravenous injection, the mice were sacrificed by dislocating their cervical ver- 
tebrae to collect their blood from hearts, followed by removing their livers, disrupting them by a homogenizer in 8-fold 
volumes of 50 mM phosphate buffer (pH 7.3), and extracting the resultant. The resultant extract was centrifuged at 
about 8,000 rpm for 20 min, and an about 9 L of the resultant supernatant was admixed with a saturated ammonium 
5 sulfate in 50 mM phosphate buffer (pH 7.3) to give a saturation degree of 45 w/v%. The resultant solution was allowed 
to stand at 4°C for 1 8 hours and centrifuged at about 8,000. rpm for 30 min to obtain a 1 9 L supernatant containing the 
present protein. 

[0062] The supernatant was fed to a column packed with about 4.6 L of "PHENYL SEPHAROSE", a product of 
Pharmacia LKB, Uppsala Sweden, which had been equilibrated with 50 mM phosphate buffer (pH 7.3) containing one 

w M ammonium sulfate, and the column was washed with a fresh preparation of the same buffer, and fed at an SV (space 
velocity) 0.57 with a linear gradient of ammonium sulfate ranging from 1 M to 0.2 M in 50 mM phosphate buffer (pH 7.3). 
Fractions containing the present protein eluted with 0.8M ammonium sulfate were collected and pooled into an about 
4.8 L solution which was then concentrated with a membrane filter, dialyzed against 20 mM phosphate buffer (pH 6.5) 
at 4°C for 18 hours, and fed to a column packed with about 250 ml of "DEAE-SEPHAROSE", a product of Pharmacia 

15 LKB, Uppsala, Sweden. The column was washed with a fresh preparation of the same buffer and fed at an SV 1 .2 with 
a linear gradient of sodium chloride ranging from 0 M to 0.2 M in 20 mM phosphate buffer (pH 6.5) to elute the present 
protein at a concentration of about 0.13 M sodium chloride. 

[0063] Fractions containing the present protein were collected, pooled (about 260 ml), concentrated and dialyzed 
against 25 mM Bis-Tris buffer (pH 7.1) at 4°C for 18 hours. The dialyzed solution was applied to a column packed with 

20 about 24 ml of "MONO-P", a product of Pharmacia LKB, Uppsala, Sweden, and eluted with 1 0 v/v % polybuffer 74 (pH 
4.0) while decreasing the pH from 7 to 4 to obtain an about 23 ml eluate containing the present protein. The eluate was 
concentrated, fed to a column packed with "SUPER-DEX 75", a product of Pharmacia LKB, Uppsala, Sweden, which 
had been equilibrated with a solution containing 7 mM disodium hydrogen phosphate, 3 mM sodium dihydrogen phos- 
phate, and 139 mM sodium chloride, and eluted with a fresh preparation of the same solution on gel filtration chroma- 

25 tography to obtain fractions containing the present protein, eluted at fractions corresponding to about 19,000 daltons. 
The fractions were pooled and concentrated for use in Experiment 2. The yield of the present protein was about 0.6 
ug/mouse. 

Experiment 2 

30 

Phvsicochemical property of protein 
Experiment 2-1 
35 Molecular weight 

[0064] In accordance with the method reported by U. K. Laemmli in Nature, Vol.227, pp.680-685 (1970), the puri- 
fied protein prepared by the method in Experiment 1 was electrophoresed in a sodium dodecylsulfate (SDS) polyacry- 
lamide gel free of reducing agent to mainly show a single protein band with an IFN-y inducing activity at a position 
40 corresponding to about 19,00015,000 daltons. The marker proteins used in this experiment were calf serum albumin 
(MW=67,000 daltons), ovalbumin (MW=45,000 daltons), soy bean trypsin inhibitor (MW=20,100 daltons), and a-lactal- 
bumin (MW=1 4,400 daltons). 

Experiment 2-2 

45 

Isoelectric PQ j n t 

[0065] The purified protein in Experiment 1 was chromatofocused to give an isoelectric point of about 4.8±1 .0. 
so Experiment 2-3 

Partial amino acid sequent 

[0066] A portion of an aqueous solution containing the purified protein in Experiment 1 was concentrated up to a 
55 volume of about 50 u.l which was then admixed with 25 uJ of a solution containing 3 w/v % SDS, 60 v/v % glycerol, and 
60 mg/ml dithiothreitol. The resultant mixture was incubated at 50°C for 30 min, positioned on 15 w/v % polyacrylamide 
gel, and electrophoresed in usual manner. The resultant gel was stained by soaking it in a mixture solution of 10 v/v % 
aqueous acetic acid solution and 50 v/v % aqueous methanol solution containing 0.1 w/v % coomassie brilliant blue R 
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250, destained by repeatedly washing the gel with a mixture solution of 12 v/v % aqueous methanol solution and 7 v/v 
% aqueous acetic acid solution, and washed by soaking the gel in distilled water for 18 hours. A portion, which was 
stained with the coomassie brilliant blue and contained the present protein, was cut out of the gel, and lyophilized. 
[0067] The lyophilized gel was soaked in 0.6 ml aqueous solution consisting of 100 mM sodium hydrogen carbon- 

5 ate containing 2 ug/ml TPCK TRYPSIN", 0.5 mM calcium chloride, and 0.02 v/v % aqueous Tween 20 solution, fol- 
lowed by the incubation at 37°C for 18 hours to trypsinize the protein. The resultant was centrifuged to obtain a 
supernatant, while the resultant precipitate was soaked in one ml of one v/v % aqueous trifluoroacetate containing 
0.001 v/v % Tween 20, shook for 4 hours at ambient temperature, and centrifuged to obtain a supernatant. The newly 
formed precipitate was successively treated similarly as above with 70 v/v% aqueous trifluoroacetate containing 0.001 

w v/v% Tween 20 and with 50 v/v % aqueous acetonitrile to obtain a supernatant. The resultant supernatant and the 
above supernatant already obtained in the above were pooled and concentrated up to 250 u,l, and the concentrate was 
centrifugally filtered. 

[0068] The resultant aqueous solution containing peptide fragments was fed to "HPLC ODS-120T", a column for 
HPLC commercialized by Tosoh Corporation, Tokyo, Japan, which had been previously equilibrated with 0.1 v/v aque- 

75 ous trifluoroacetate, and the column was washed with 0.1 v/v % aqueous trifluoro acetate, and fed with 0.1 v/v % trif- 
luoro acetate at a flow rate of 0.5 ml/min while the concentration of aqueous acetonitrile was increasing from 0 v/v % to 
70 v/v % and the concentration of peptide in the eluate was monitored by a spectrophotometer at wave lengths of 214 
nm and 280 nm. Fractions eluted about 75 min and about 55 min after the initiation of the elution were respectively col- 
lected (hereinafter named "peptide fragment A" and "peptide fragment B"). The elution pattern was in FIG.1 . 

20 [0069] The peptide fragments A and B were analyzed on "MODEL 473 A", a protein sequencer commercialized by 
Perkin-Elmer Corp., Instrument Div., Norwalk, USA, and revealing that they have the amino acid sequences in SEQ ID 
NOs:1 and 2. 

Experiment 2-4 

25 

Biological activity 

Experiment 2-4(a) 

30 Induction of the IFN-y production bv immunocompetent cell 

[0070] BDF1 Female mouse spleen, 8-week-old, was extracted and dispersed in serum-free RPMI 1640 medium 
(pH 7.4), and the cells were washed with a fresh preparation of the same medium, and soaked in Gei buffer (pH 8.0) to 
hemolyze. The resultant spleen cells were suspended in RPM1 1640 medium (pH 7.4) supplemented with 10 v/v % calf 

35 serum to give a cell density of 1 x1 0 7 cells/ml, fed to a cell-separatory nylon wool column commercialized by Wako Pure 
Chemical Industries, Ltd., Tokyo, Japan, and incubated in an incubator at 37°C for an hour under 5 v/v % C0 2 condi- 
tions. Thereafter, T-cells were collected from the column by feeding to the column with RPMI 1640 medium (pH 7.4) 
supplemented with 10 v/v % calf serum, and washed with a fresh preparation of the same buffer. The resultant cells 
were used in the following experiment for IFN-y induction. 

40 [0071] 0.15 ml aliquots of a mouse T-cell suspension in RPMI 1640 medium (pH 7.4) with a cell density of 1x10 7 
cells/ml were injected into 96-well microplates, and to each well was added a present purified protein, which had been 
diluted with 0.05 ml RPMI 1640 medium (pH 7.4) supplemented with 10 v/v % calf serum albumin. The cells in the 
microplates were incubated in the presence or in the absence of 0.5 ug/ml concanavalin A in an incubator at 37°C for 
24 hours under 5 v/v % C0 2 conditions. From each well 0.1 ml of the culture supernatant was collected and assayed 

45 for IFN-y production level by conventional enzyme immunoassay (ElA). As a control, a sample free of the present puri- 
fied protein was provided and treated similarly as above. The standard mouse IFN-y preparation Gg02-901-533, 
obtained from The National Institutes of Health, USA, was used as an IFN-y standard in this experiment, and the activity 
was expressed in terms of international units (lU). 

[0072] As a result, significant IFN-y production was not found with the control sample but found with the test sample: 
so The present protein in a dose of 0.02-10ng/ml induced about 2-2,000 IU IFN-y and about 2-200 IU IFN^yfrom 1x10 6 
mouse T-cells when the T-cells were respectively incubated with and without concanavalin A. The results confirm that 
the present protein has an activity of inducing the IFN-y production by immunocompetent cells. 
[0073] Throughout the present specification, one unit activity of the present protein is defined as an amount of 
which induces 160 IU I FN ^production when assayed in the presence of concanavalin A (0.5ng/ml). 

55 
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Augmentation of cytoto xicity of killer cell 

5 [0074] Similarly as in Experiment 2-4(a) mouse spleen cells were suspended in RPM1 1640 medium (pH 7.2) con- 
taining 100 u.g/ml kanamycin, 5x1 0" 5 M 2-mercaptoethanol, and 10 v/v % calf serum to give a cell density of 1x10 7 
cells/ml. The cell suspension was mixed with 0, 1, 5 or 10 units/ml of a recombinant human interleukin 2, placed in a 
25-ml culture flask, admixed with 0, 0.8, 4, 20 or 100 units/ml of the purified protein, and incubated in an incubator at 
37°C for 72 hours under 5 v/v % C0 2 conditions. Thereafter, the resultant cells were washed with a fresh preparation 

w of the same RPMI 1640 medium (pH 7.2), and suspended together with YAC-1 cells (ATCC TIB1 60), which were pre- 
viously labeled with radioactive sodium chromate, to give a cell ratio of 20/1 or 40/1 (effective cells/target cells) in a fresh 
preparation of the same RPM1 1 640 medium (pH 7.2). The cell suspension was poured in 96-well microplates and incu- 
bated in an incubator at 37°C for 4 hours under 5 v/v % C0 2 conditions, followed by determining the radioactivity of 51 Cr 
in the resultant supernatant by a ^ray counter. The results were in Table 1 . 

15 [0075] The results in Table 1 show that the present protein has an activity of inducing the cytotoxicity of killer cells, 
and the activity is augmented by interleukin 2. 



Table 1 



20 



25 



35 



45 



Factor 


Cytotoxicity (%) 


The present protein 
(unit/ml) 


Interleukin 2 (unit/ml) 


Ratio (Effective cells/Target 
cells) 






40/1 


20/1 


100 


0 


48.6 


46.0 


20 


0 


35.5 


27.5 


4 


0 


33.0 


17.7 


0.8 


0 


22.9 


14.5 


0 


0 


0.1 


0.0 


100 




55.8 


55.2 


20 




54.2 


46.4 


4 




40.5 


26.4 


0.8 




22.1 


10.3 


0 




0.4 


0.0 


100 


5 


63.6 


59.1 


20 


5 


62.2 


49.1 


4 


5 


56.2 


44.6 


0.8 


5 


38.4 


23.4 


0 


5 


1.0 


0.2 


100 


10 


67.8 


56.5 


20 


10 


67.7 


59.9 


4 


10 


62.8 


54.1 


0.8 


10 


46.2 


31.7 


0 


10 


1.0 


0.5 



55 

[0076] No protein having the above identified physicochemical properties has been known, and this confirms that 
it is a novel protein. The present inventors isolated mRNA from mouse liver cells, collected a DNA fragment which par- 
tially encodes the present protein by the reverse transcription-polymerase chain reaction (RT-PCR) using the mRNA as 
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a template in the presence of a primer which was chemically synthesized based on the partial amino acid sequence 
revealed in Experiment 2-3, and energetically studied a cDNA library, prepared from the mRNA, by using the DNA frag- 
ment as a probe to obtain a DNA fragment in SEQ ID NO:4 which consists of 471 base pairs. The decoding of the base 
sequence revealed that the present protein contains an amino acid sequence in SEQ ID NO:3 which consists of 157 
5 amino acids, in SEQ ID NO:3 the symbol "Xaa" as an amino acid means "Met (methionine)" or Thr (threonine)". 

[0077] The sequential techniques used to reveal the amino acid sequence and base sequence in SEQ ID NOs:3 
and 4 are summarized in the below: 

(1) The present protein is isolated from mouse liver cells and highly purified by combining conventional purification 
w methods comprising chromatography as a main technique; 

(2) The resultant purified protein was digested with trypsin, and 2 polypeptide fragments were isolated from the 
resultant mixture and determined for amino acid sequence; 

(3) From mouse liver cells, mRNA was collected, and a DNA fragment which partially encodes the present protein 
was prepared by the reverse transcription-polymerase chain reaction (RT-PCR) using the mRNA as a template in 

75 the presence of a primer which was chemically based on the partial amino acid sequences revealed in the above. 
The DNA fragments were screened by using an oligonucleotide as a probe which had been chemically synthesized 
based on these partial amino acid sequences, followed by collecting a DNA fragment which partially encodes the 
present protein; 

(4) A cDNA library was prepared with the mRNA as a template and hybridized with the DNA fragment as a probe, 
20 followed by collecting a transformant which strongly hybridized with the DNA fragment; and 

(5) A cDNA was isolated from the transformant, and the base sequence was determined and decoded. The com- 
parison of the decoded amino acid sequence and the partial amino acid sequence revealed that the base 
sequence encodes the present protein. 

25 [0078] The following Experiment 3 is to explain the above techniques (3) to (5), and the techniques in themselves 
used therein are commonly known in the art, for example, those disclosed by J. Sumbrook et al. in "Molecular Cloning, 
A Laboratory Manual" , 2nd edition (1989), published by Cold Spring Harbor Laboratory Press, New York, USA, and by 
Masami MU RAM ATS (J in "Rabo-Manuat for Genetic Technology" (1988), published by Maruzen Co., Ltd., Tokyo, 
Japan. 

30 

Experiment 3 

Base sequence of DNA and amino acid sequence of protein 
35 Experiment 3-1 

Preparation of whole RNA 

[0079] Three g of wet mouse liver cells, similarly prepared by the method in Experiment 1 , was weighed, soaked in 
40 20 ml of a mixture solution containing 6 M guanidine isothiocyanate, 10 mM sodium citrate, and 0.5 w/v SDS, and dis- 
rupted with a homogenizes 35-ml centrifugation tubes were injected with 25 ml of 0.1 M EDTA (pH 7.5) containing 5.7 
M cesium chloride, and 10 ml of the homogenized cells were overlaid on the upper part of the solutions in the tubes, 
followed by centrifuging the tubes at 25,000 rpm for 20 hours to collect RNA fractions. The fractions were pooled, dis- 
tributed into 15-ml centrifugation tubes, and mixed with equal volumes of a mixture solution of chloroform and isobuta- 
45 nol (= 4: 1 by volume). The tubes were vibrated for 5 min and centrifuged at 4°C and at 1 0,000 rpm for 1 0 min, and the 
formed water layers were collected, pooled, mixed with 2.5-fold volumes of ethanol, and allowed to stand at -20°C for 2 
hours to precipitate the whole RNAs. The precipitate was collected, pooled, washed with 75 v/v % aqueous ethanol 
solution, and dissolved in 0.5 ml of sterilized distil led-water for use in the following experiment. The yield of the RNAs 
was about 4 mg, on a dry solid basis (d.s.b.). 

so 

Experiment 3-2 

Preparation of DNA fragments encoding partially the present protein 

55 [0080] One \ig of the whole RNAs in Experiment 3-1 was mixed with 4 u.l of 25 mM magnesium chloride, 2 u.l of a 
solution of 10xPCR buffer consisting of 100 mM Tris-HCI buffer (pH 8.3) and 500 mM potassium chloride, 8 uJ of one 
mM dNTP mix, one uJ of a solution containing one unit/^t RNase inhibitor, one uJ of a solution containing 2.5 units/uJ 
reverse transcriptase, and one uJ of 2.5 *iM random hexamer, and further mixed with sterilized distilled-water to give a 
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total volume of 20 The mixture solution was placed in 0.5 ml reaction tubes, and, in usual manner, successively incu- 
bated at 25°C for 10 mm, at 42°C for 30 min, at 99°C for 5 min, and at 5°C for 5 min to effect the reverse transcriptase 
reaction, followed by recovering an aqueous solution containing the first strand cDNA. 

[0081] To 20 uJ of the aqueous solution were added 4 ul of 25 mM magnesium chloride, 8 ul of 10xPCR buffer, 0.5 
5 ul of a solution containing 2.5 units/ul of AmpliTaq DNA polymerase commercialized by Perkin-Elmer Corp., Instrument 
Div., Norwalk, USA, and one pmole and primers 1 and 2 as a sense primer and an anti-sense primer. The mixture solu- 
tion was volumed up to 100 jil with sterilized distil led- water, and, in usual manner, successively incubated at 94°C for 
one min, at 45°C for 2 min, and at 72°C for 3 min in a cyclic manner for 40 cycles to amplify a DNA fragment, which 
partially encodes the present protein, by using the first strand cDNA as a template. The primers 1 and 2 are oligonucle- 
io otides, which were chemically synthesized based on the amino acid sequences of Pro-Glu-Asn-lle-Asp-Asp-lle and 
Phe-Glu-Asp-Met-Thr-Asp-lle in SEQ ID NOs:1 and 2, and they have base sequences of 5'- AT RTC RTC DATRTTYTC - 
NGG-3' and 5' -TTYG ARG AYATG ACN G AYAT-3' , respectively. 

[0082] A portion of the resultant PCR product was fractionated on electrophoresis in 2 w/v % agarose gel, trans- 
ferred onto a nylon film, fixed with 0.4 N sodium hydroxide, washed with 2xSSC, air-dried, soaked in a prehybridization 

15 solution containing 5xSSPE, 5xDenhard's solution, 0.5 w/v % SDS and 100 |ig/ml of denatured salmon sperm DNA, 
and incubated at 65°C for 3 hours. An oligonucleotide as a probe 1 having a base sequence of 5'-TTYGARGARATG- 
GAYCC-3' was synthesized based on the amino acid sequence of Phe-Glu-Glu-Met-Asp-Pro in SEQ ID NO:1, and 
labeled with [y- 32 P]ATP and T4 polynucleotide kinase. The nylon film was soaked in a solution containing one pmole of 
the probe 1, SxSSPE, 5xDenhardt's solution, 0.5 w/v % SDS, and 100 u.g/ml of a denatured salmon sperm DNA, and 

20 incubated at 45°C for 24 hours to effect hybridization. The resultant nylon film was washed with 6xSSC and autoradio- 
graphed in usual manner, revealing that the PCR product contained the objective DNA fragment. 
[0083] The remaining PCR product was mixed with M pT7 BLUE T", a plasmid vector commercialized by Takara 
Shuzo Co., Ltd., Tokyo, Japan, an adequate amount of T4 ligase, and further mixed with 1 00 mM ATP up to give a con- 
centration of one mM, followed by the incubation at 1 6°C for 1 8 hours to insert the DNA fragment into the plasmid vec- 

25 tor. The recombinant DNA thus obtained was introduced into Escherichia coli NoVa Blue strain, a microorganism of the 
species Escherichia coli commercialized by Pharmacia LKB, Uppsala, Sweden, to obtain a transformant which was 
then inoculated into a medium plate containing 1 0 g/l bactotryptone, 2.5 g/l sodium chloride, 1 5 g/l bacto-agar, 1 00 mg/l 
ampicillin, 40 mg/l X-Gal and 23.8 mg/l isopropyl-p-D-thiogalacto-pyranoside (hereinafter abbreviated as "IPTG"), and 
incubated at 37°C for 24 hours to form colonies. A nylon film was in usual manner positioned on the medium plate and 

30 allowed to stand for about 30 seconds to attach the colonies thereunto. The nylon film was then detached from the 
medium plate and soaked for 7 min in a solution containing 0.5 N sodium hydroxide and 1 .5 M sodium chloride to effect 
cell lysis. Thereafter, the nylon film was soaked for 3 min in 1.5 M sodium chloride in 0.5 M Tris-HCI buffer (pH 7.2), 
washed with 2xSSC, soaked in 0.4 N sodium hydroxide for 20 min to fix the DNA, washed with 5xSSC, air-dried, soaked 
in a prehybridization solution containing 5xSSPE, 5xDenhardt's solution, 0.5 w/v % SDS, and 100 |Kj/ml denatured 

35 salmon sperm DNA, and incubated at 65°C for 3 hours. The colonies on the nylon film were in usual manner hybridized 
with the probe 1 , washed with 6xSSC, and auto radiographed similarly as above, followed by selecting from the medium 
plate transformants which strongly hybridized with the probe 1 . 

[0084] The transformants were inoculated in L-broth (pH 7.2) containing 1 00 u.g/ml ampicillin and incubated at 37°C 
for 18 hours, followed by collecting cells from the culture and collecting recombinant DNA by conventional SDS-alkali 
40 method. The analysis of the dideoxy method revealed that the recombinant DNA contained a DNA fragment consisting 
of base sequences which correspond to those at positions from 85 to 281 in SEQ ID NO:4. 

Experiment 3-3 

45 Preparation of mRNA 

[0085] 0.05 ml of an aqueous solution containing the whole RNAs in Experiment 3-1 was placed in a test tube, 
admixed with 0.5 ml of 10 mM Tris-HCI buffer (pH 7.5) containing one mM EDTA and 0.1 w/v % SDS, and volumed up 
to one ml with sterilized disti Ned-water. To the mixture was added one ml B OLIGOTEX-dT30 SUPER", an oligo-d(T)3o 
so latex commercialized by Nippon Roche K.K., Tokyo, Japan, followed by the incubation at 65°C for 5 min to denature the 
RNAs and the cooling for 3 min in an ice-chilled bath. The resultant mixture was admixed with 0.2 ml of 5 M sodium 
chloride, incubated at 37°C for 1 0 min, and centrifuged at 1 0,000 rpm at 25°C for 1 0 min. The precipitate in the form of 
a pellet was suspended in 0.5 ml sterilized distilled-water, and incubated at 65°C for 5 min to extract mRNA from the 
oligo-dfOso ,atex - Tne vie,d of tne nnRNA was about 5 ng. 

55 
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Experiment 3-4 
Preparation of cDNA library 

5 [0086] cDNA Library was prepared from the mRNA in Experiment 3-3 by using "cDNA SYNTHESIZING SYSTEM 
PLUS", a cDNA cloning kit commercialized by Amersham Corp., Div., Amersham International, Arlington Heights, USA. 
The procedures were as follows: To 1 .5-ml reaction tube were successively added 4 jil of a solution for synthesizing the 
first strand cDNA, one nl sodium pyrophosphate solution, one \i\ of a solution of human placenta ribonuclease inhibitor, 
2 jil deoxynucleotide triphosphate mix, and one \i\ oligo-dT primer. The resultant mixture was mixed with 2 nl of mRNA 

io in Experiment 3-3, volumed up to 1 9 \i\ with sterilized distilled-water, mixed with one jul of a solution containing 20 units 
of reverse transcriptase, and incubated at 42°C for 40 min to obtain a reaction mixture containing the first strand cDNA. 
[0087] The mixture thus obtained was mixed with 37.5 \i\ of a solution for synthesizing the second strand cDNA, 0.8 
units of ribonuclease H derived from Escherichia coli, and 23 units of DNA polymerase, and volumed up to 100 \i\ with 
sterilized distilled-water. The resultant mixture was successively incubated at 12°C for 60 min and at 22°C for 60 min, 

15 mixed with 2 units of T4 DNA polymerase, and incubated at 37°C for 1 0 min to obtain a reaction mixture containing the 
second strand cDNA. To the reaction mixture was added 4 nl of 0.25 M EDTA (pH 8.0) to suspend the reaction, and the 
resultant was in usual manner extracted with phenol and chloroform and treated with ethanol to precipitate the objective 
cDNA, followed by recovering the precipitate. 

[0088] To the cDNA thus obtained were added 2 ^l L/K buffer, 250 pmole Eco Rl adaptor, and 2.5 units of T4 DNA 
20 ligase in this order, and the resultant solution was volumed up to 20 \x\ with sterilized distilled-water, and incubated at 
1 5°C for 1 6 hours to ligate the Eco Rl adaptor to the both ends of the cDNA. The reaction mixture was mixed with 2 \i\ 
of 0.25 M EDTA to inactivate the remaining enzyme, and subjected to molecular sieve chromatography to remove intact 
Eco Rl adaptor. To the resultant were added 40 |xl L/K buffer and 80 units of T4 polynucleotide kinase, and the mixture 
was volumed up to 400 \i\ with sterilized distilled-water, followed by the incubation at 37°C for 30 min to methylate the 
25 Eco Rl cleavage sites. The resultant mixture was extracted with phenol and chloroform and treated with ethanol to pre- 
cipitate the objective DNA, followed by recovering the DNA. To the DNA were added 1 .5 \i\ of L/K buffer containing an 
adequate amount of Axjt 10 arms, and 2.5 units of T4 DNA ligase, and the resultant solution was volumed up to 15 jil 
with sterilized distilled-water, incubated at 15°C for 16 hours to effect ligation, and subjected to conventional in vitro 
packaging method to obtain a phage containing a recombinant A,DNA. 

30 

Experiment 3-5 

Cloning of recombinant DNA 

35 [0089] A seed culture of Escherichia coii NM51 4 strain was in usual manner infected with the phage in Experiment 
3-4, and the infected cells were inoculated in an agar plate (pH 7.0) containing 10 g/l bactotrypton, 5 g/l bacto-yeast 
extract, 1 0 g/l sodium chloride and 1 5 g/l bacto-agar, and incubated at 37°C for 6 hours to form plaques. The agar plate 
was covered with a nylon film and allowed to stand for about 30 seconds to attach the plaques thereunto. The nylon film 
was detached from the plate, and successively soaked in an aqueous solution containing 0.5 M sodium hydroxide and 

40 1.5 M sodium chloride for 2 min and in 0.5 M Tris-HCI buffer (pH 7.0) containing 1 .5 M sodium chloride for 5 min. The 
nylon film was washed with 5xSSC, air-dried, soaked in a solution containing 5xSSPE, 5xDenhardt's solution, 0.5 w/v 
% SDS, and 100 ^ig/ml denatured salmon sperm DNA, and incubated at 65°C for 3 hours. Thereafter, the resultant 
nylon film was incubated in a solution containing an adequate amount of a probe 2, obtained by labelling the DNA frag- 
ment in Experiment 3-2 and with 32 P by "READY PRIME DNA LABELLING SYSTEM", a DNA labeling kit commercial- 

45 ized by Amersham Corp., Div., Amersham International, Arlington Heights, USA, 5xSSPE, 5xDenhardt's solution, 0.5 
w/v % SDS, and 100 jig/ml of denatured salmon sperm DNA, and the mixture was incubated at 60°C for 20 hours to 
effect hybridization. The resultant was subjected to autoradiography similarly as above to select phage DNA clones 
which strongly hybridized with the probe 2. 

[0090] With conventional techniques, the clones were amplified in Escherichia coii, followed by the extraction of a 
so recombinant DNA from the cells. The recombinant DNA was cleaved with Eco Rl, a restriction enzyme. Plasmid vector 
pUC19 (ATCC 37254) was cleaved with the same restriction enzyme, and the resultant cleaved DNA fragments and 
plasmid fragments were ligated with DNA ligase to obtain a recombinant DNA which was then introduced into 
Escherichia coii JM109 (ATCC 53323) by conventional competent cell method to obtain a transformant. 

55 
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Experiment 3-6 

Determination of base seouence and amino acid sequence 

5 [0091] The transformant in Experiment 3-5 was inoculated into L-broth (pH 7.2) and cultured at 37°C for 1B hours 
under shaking conditions. The resultant proliferated cells were collected and treated with conventional SDS-alkali 
method to obtain a recombinant DNA containing the DNA according to the present invention. The analysis on an auto- 
matic sequencer using a fluorophotometer revealed that the recombinant DNA contains the base sequence in SEQ ID 
NO:5. The decoding of the base sequence indicated that it encodes the amino acid sequence in SEQ ID NO:5. The 

w amino acid sequence contains the partial amino acid sequences in SEQ ID NOs:1 and 2 corresponding to those at posi- 
tions from 79 to 1 03 and from 26 to 43 in SEQ ID NO:5, and this means that the present protein contains the amino acid 
sequence in SEQ ID NO:3, and that it is encoded by a DNA containing the base sequence in SEQ ID NO:4. 
[0092] As is described above, the present inventors have found the present protein, which induces IFN-yproduction 
by immunocompetent ceils, through their long term research. Unlike conventional proteins, the present protein has spe- 

15 cific physicochemical properties. The present invention is to provide the protein by applying the recombinant DNA tech- 
nology. 

[0093] The preparation of the present protein using the transformants will be explained in detail with reference to 
the following Examples: 

20 Example 1 

Peplicable recombinant DNA and transformant 

[0094] The first strand cDNA was prepared from the whole RNAs in Experiment 3-1 by using "GeneAmp RNA PCR 
25 Kit", a PCR kit commercialized by Takara Shuzo Co., Ltd., Tokyo, Japan. The procedures were as follows: To a 0.5-ml 
reaction tube were added 4 uJ of 25 mM magnesium chloride, 2 u.l of 1 0xPCR buffer, 8 u.l of one mM dNTP mix, one u.l 
of one unit/ill RNase inhibitor, one ul of 2.5 units/uJ of reverse transcriptase, one uJ of 2.5 jiM random hexamer, and one 
jil of the whole RNAs in Experiment 3-1, and the mixture was volumed up to 20 uJ with sterilized distilled-water. The 
resultant mixture was successively incubated at 25°C for 10 min, at 42°C for 30 min, at 99°C for 5 min, and at 5°C for 
30 5 min to obtain a reaction mixture containing the first strand cDNA. 

[0095] Twenty uJ of the reaction mixture was mixed with 4 fxl of 25 mM magnesium chloride, B u.l of 10xPCR buffer, 
0.5 jil of 2.5 units/u.1 of AmplFTaq DNA polymerase, and adequate amounts of sense primer and anti-sense primer as 
shown by the base sequences of 5'-CGAGGGATCGAACTTTGGCCGACTTC-3' and S'-CGAGGAATTCCTAACTTT- 
GATGTAAG-3' which were chemically synthesized based on the amino acid sequences near to the N- and C-terminals 
35 in SEQ ID NO:3, and the resultant mixture was volumed up to 1 00 uJ with sterilized distilled-water. The mixture was in 
usual manner successively incubated at 94°C for one min, at 55°C for 2 min, and at 72°C for 3 min, and the successive 
incubation was repeated 40 cycles. The resultant PCR product was cleaved with Bam HI and Eco Rl as a restriction 
enzyme to obtain a Bam HVEcho Rl DNA fragment. 

[0096] To an adequate amount of sterilized distilled-water were added 1 00 ng of the fragment, 1 0 ng of n pGEX-2T, 
40 a plasmid vector commercialized by Pharmacia LKB, Uppsala, Sweden, which had been cleaved with Bam HI and 
Echo Rl as a restriction enzyme, an adequate amount of T4 DNA ligase, and 10 mM ATP in an amount of which gives 
the final concentration of one mM, followed by incubating the mixture solution at 16°C for 18 hours. The recombinant 
DNA thus obtained was introduced into Escherichia coli DH5 strain (ATCC 53868) to obtain a transformant which was 
then inoculated into L-broth (pH 7.2) containing 50 ng/l of ampicillin, followed by the incubation at 37°C for 1 8 hours and 
45 extracting the objective recombinant DNA by conventional SDS-alkali method. 

[0097] The recombinant DNA was named "pMGTG-1" and analyzed for structure on the dideoxy chain termination 
method and revealing that, as is shown in FIG.2, in pMGTG-1, MGTG cDNA which has the base sequence of SEQ ID 
NO:4 is positioned in the downstream of the Tac promotor and the gene for glutathione S transferase. 

so Example 2 

Preparation of protein by transformant 

[0098] A transformant obtained by the method in Example 1 was inoculated in L-broth (pH 7.2) containing 50 ng/ml 
55 of ampicillin, and cultured at 37°C for 1 8 hours under shaking conditions. One v/v % of the proliferated transformants 
as a seed was inoculated into 18 L of a fresh preparation of the same medium, and cultured at 37°C under aeration- 
agitation conditions until the absorbance at a wavelength of 650 nm (A^) of the culture reached to about 0.6, followed 
by adding IPTG to the culture to give a concentration of one mM. Thereafter, the resultant culture was incubated for 5 
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hours and centrifuged to separate cells which were then suspended in a mixture solution (pH 7.3) containing 150 mM 
sodium chloride, 1 6 mM disodium hydrogen phosphate, and 4 mM sodium dihydrogen phosphate, treated in usual man- 
ner with ultrasonication, and centrifuged to remove cell debris to obtain a supernatant. 

[0099] The supernatant was fed to a column packed with "GLUTATHIONE SEPHAROSE 4B B , a gel commercialized 
5 by Pharmacia LKB, Uppsala, Sweden, which had been equilibrated with 50 mM Tris-HCI buffer (pH 7.5) supplemented 
with 150 mM sodium chloride, and the column was washed with a fresh preparation of the same buffer and fed with 50 
mM Tris-HCI buffer (pH 8.0) supplemented with 5 mM reducing glutathione to elute proteins. Fractions containing pro- 
teins were pooled, mixed with calcium chloride to give a concentration of 2.5 mM together with 1 ,000 units of thrombin, 
and incubated at 25°C for 18 hours. The reaction mixture was fed to a column packed with "GLUTATHIONE SPEPHA- 
io ROSE 4B", which had been equilibrated with 50 mM Tris-HCI buffer (pH 7.5) supplemented with 150 mM sodium chlo- 
ride, followed by recovering non-adsorbed fractions. Thereafter, the fractions were pooled, concentrated, lyophilized to 
obtain a solid preparation containing the present protein with a specific activity of about 5x1 0 5 units/mg protein in a yield 
of about 3 mg per one L of the culture. 

[0100] Similarly as in Experiment 2, the purified protein was studied on the physicochemical properties and reveal- 
15 ing that it has a molecular weight of 19,000±5,000 daltons on gel filtration and SDS-PAGE, and a pi of 4.8±1.0 on chro- 
matofocusing. The testing by the method in Experiment 2-4 revealed that the purified protein effectively induces the 
IFN-y production by immunocompetent cells independently of the presence of concanavalin A (Con A), and strongly 
augments the cytotoxicity of killer cells. This is an evidence that the present protein can be prepared by the recombinant 
DNA technology. 

20 

Example 3 

Preparation of hybridorna M-1 
25 Example 3-1 

Preparation of transformant KGFM5 

[0101] To 0.5-ml reaction tube were added 8 u.l of 25 mM magnesium chloride, 1 0 ul of 1 0xPCR buffer, one uJ of 25 
30 mM dNTP mix, one ul of 2.5 units/jxl AmpliTaq DNA polymerase, one ng of a recombinant DNA containing a DNA 
encoding the present protein and having the base sequence in SEQ ID NO:5 which is prepared from a phage DNA 
clone according to the method described in Japanese Patent Application No. 184, 162/94, and an adequate amount of 
a sense primer and an anti-sense primer comprising the base sequences represented by 5'-GAGGAATTCTGGAG- 
GAAGGTACCATGAACTTTGGC CGACTTC-3' and 5'-GCGAAAGCTTCTMCT7TGATGTAAG-3\ The resultant mixture 
35 was volumed up to 1 00 ul with sterilized distil led-water, and successively incubated at 94°C for one min, at 43°C for one 
min, 72°C for one min, at 60 for one min, and at 70°C for one min. The successive incubation was repeated 37 cycles 
to effect polymerase chain reaction (PCR) to make restriction sites of Eco Rl and Hind III at the 5'- and 3'-termini 
respectively. 

[0102] Ten ng of the resultant PCR product, B pCR-Script SK(+) M commercialized by Stratagene Cloning Systems, 
40 California, USA, was in usual manner ligated with DNA Hgase to obtain a recombinant DNA which was then transformed 
by introducing it into "XL-1 Blue MRF'Kan", a microorganism of the species Escherichia coii commercialized by Strata- 
gene Cloning Systems, California, USA. The transformant was inoculated into L-broth (pH 7.2) containing 50 u.g/ml of 
ampicillin, and cultured at 37°C for 18 hours under shaking conditions. The resultant culture was centrifuged to obtain 
transformants, and from which a recombinant DNA was isolated by applying conventional SDS-alkali method. A portion 
45 of the recombinant DNA was provided and analyzed on the dideoxy method and revealing that the recombinant DNA 
was coupled with the DNA having the base sequence in SEQ ID NO:5, and the material DNA was correctly amplified 
by the PCR. 

[0103] The remaining recombinant DNAs were in usual manner cleaved with Eco Rl and Hind III as a restriction 
enzyme. By using "DNA Ligation Kit Version 2", a DNA ligation kit commercialized by Takara Shuzo Co., Ltd., Tokyo, 

so Japan, 0.1 ng of the resultant Eco R\-Hind III DNA fragment and 10 ng of "pKK223-3°, a plasmid vector commercialized 
by Pharmacia LKB, Uppsala, Sweden, which had been previously cleaved with the above restriction enzymes, were 
ligated by reacting them at 16°C for 30 min to obtain "pKGFM5", a replicable recombinant DNA. With competent cell 
method, Escherichia coii Y1090 strain (ATCC 37197) was transformed by the recombinant DNA pKGFM5, and the 
formed transformant "KGFM5" was inoculated into L-broth (pH 7.2) containing 50 ng/ml ampicillin, and cultured at 37°C 

55 for 1 8 hours under shaking conditions. The resultant culture was centrifuged to collect transformants, and a portion of 
which was treated with the SDS-alkali method to extract the objective recombinant DNA pKGFM5. The analysis on the 
dideoxy method revealed that KGFM5 cDNA having the base sequence in SEQ ID NO:5 was coupled to the site of the 
downstream of the Tac promotor. 
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Example 3-2 

Production of protein by transformant FGFM5 

5 [0104] L-Broth (pH 7.2) containing 50 ug/ml was sterilized by an autoclave and cooled to 37°C which was then inoc- 
ulated with transformant KGFM5 in Example 3-1, and incubated at the same temperature for 18 hours under shaking 
conditions to obtain a seed culture. Eighteen L of a fresh preparation of the same L-broth was placed in a 20-L jar fer- 
menter, sterilized similarly as above, and cooled to 37°C, which was then inoculated with one v/v % of the seed culture, 
and incubated at the same temperature for 8 hours under aeration-agitation conditions. The resultant culture was cen- 

w trifuged to obtain cells which were then suspended in a mixture solution (pH 7.3) containing 150 mM sodium chloride 
and 16 mM disodium hydrogen phosphate, and 4 mM sodium dihydrogen phosphate, disrupted by ultrasonic and cen- 
trifuged to remove ceil debris, followed by recovering the resultant supernatant. 

[0105] Ammonium sulfate was added to and completely dissolved in the supernatant up to give a concentration of 
40 w/v % under ice-chilling conditions, allowed to stand, and centrifuged to obtain a supernatant. The supernatant thus 

15 obtained was mixed with ammonium sulfate up to give a concentration of 85 w/v %, stirred at 4°C for 25 hours and cen- 
trifuged to obtain a sediment containing the present protein which was then dissolved in 150 mM phosphate buffer (pH 
6.6) containing 1.5 M ammonium sulfate. The resultant solution was fed to a column packed with "PHENYL SEPHA- 
ROSE", a product commercialized by Pharmacia 1KB, Uppsala, Sweden, which had been previously equilibrated with 
10 mM phosphate buffer (pH 6.6) containing 1 .5 M ammonium sulfate. The column was washed with afresh preparation 

20 of the same buffer, and fed with a linear gradient ranging from 1.5 M to 0 M ammonium sulfate in 10 mM phosphate 
buffer (pH 6.6). 

[0106] Fractions eluted at about 0.9 M ammonium sulfate were pooled and concentrated with a membrane filter, 
and the concentrate was dialyzed against 10 mM phosphate buffer (pH 6.5) at 4°C for 18 hours. The dialyzed solution 
was fed to a column packed with "DEAE 5PW, a product commercialized by Tosoh Corporation, Tokyo, Japan, which 
25 had been previously equilibrated with 1 0 mM phosphate buffer (pH 6.5), and the column was washed with a fresh prep- 
aration of the same buffer and fed with a linear gradient ranging from 0 M to 0.2 M in 1 0 mM phosphate buffer (pH 6.5), 
followed by collecting fractions eluted at about 0.1 M sodium chloride. 

[0107] The fractions were pooled and concentrated, and the concentrate thus obtained was fed to a column packed 
with "SUPER-DEX 75*. a product of Pharmacia LKB Uppsala, Sweden, which had been previously equilibrated with 
30 phosphate buffer and fed with a fresh preparation of the same phosphate buffer to elute fractions corresponding to a 
molecular weight of about 1 9,000 daltons. Thus, an aqueous solution containing about 4.7 mg of a purified protein. The 
total yield of the protein in this purification steps was about 26%. 

[0108] The analysis according to the method as disclosed in Japanese Patent Application No. 184, 162/94 revealed 
that the purified protein has the following physicochemical properties. The analysis of the purified protein on sodium 
35 dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under non-reducing conditions revealed that it showed 
a main protein band which corresponds to a molecular weight of 19,000+5,000 daltons and has an activity of inducing 
IFN-y, and had an isoelectric point of 4.8+1 .0 on chromatofoc using. Two peptide fragments obtained after trypsin ization 
had amino acid sequences in SEQ ID NOs:1 and 2, respectively. 

40 Exam p le 3-3 

Preparation of hybridoma M-1 

[0109] A purified protein obtained by the method in Example 3-2 and complete Freund adjuvant were intraperito- 
45 neally injected to 1 0-week-old SD rats at a dose of 20 u.g/rat. Thereafter, the rats were injected 2 times with the same 
dose at an interval of 2 weeks, and intravenously injected with the same dose one week after the final injection. On 3 
days after the intravenous injection, the spleens were extracted and dispersed to obtain a ceil suspension. 
[0110] The spleen cells and SP2/0-Ag14 cells (ATCC CRL 1581 ) derived from mouse myeloma were suspended in 
serum-free RPMI 1640 (pH 7.2) to give cell densities of 3x1 0 4 cells/ml and 1x10 4 cells/ml, respectively, and the cells 
so suspension was centrifuged to collect the resultant precipitate. One ml of serum-free RPM1 1 640 medium (pH 7.2) con- 
taining 50 w/v % polyethylene glycol with an average molecular weight of 1 ,500 daltons was added to the precipitate 
drop by drop over one min, and the suspension was incubated at 37°C for one min, and to which was added drop by 
drop serum-free RPM1 1640 medium (pH 7.2) up to give a total volume of 50 ml. The mixture was centrifuged to collect 
sediment which was then suspended in HAT medium. The suspension was distributed into 96-well microplate in an 
55 amount of 200 u.l/well t and incubated at 37°C for one week, followed by selecting hybridomas. The reactivity between 
a purified protein obtained by the method in Example 3-2 and the antibody secreted in the culture supernatant in each 
well was studied on enzyme immunoassay, followed by selecting hybridomas which formed antibody that reacted with 
the purified protein. According to conventional manner, the hybridoma was repeatedly subjected to the limited dilution 
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to obtain hybridoma M-1 which forms the present monoclonal antibody. 
Example 4 

5 Preparation of monoclonal antibody M-1mAb and analysis on Western blot technique 
Example 4-1 

Preparation of monoclonal antibody M-1mAb 

70 

[0111] Hybridoma M-1 obtained by the method in Example 3-3 was suspended in RPM1 1 640 medium (pH 7.2) sup- 
plemented with 5 v/v % calf serum to give a cell density of about 1x1 0 6 cells/ml, and incubated at 37°C under 5 v/v % 
C0 2 conditions while the culture was stepwisely scaling up. When the cell density reached to the prescribed level, 
1x10 7 cells/rabbit of hybridoma M-1 was intraperitoneally injected into 5-week-old hamsters, which had been immuno- 
75 suppressed with an anti-hamster thymus antibody prepared from rabbits and intraperitoneally injected with 0.5 ml/ham- 
ster of pristane, and fed for one week in usual manner. 

[0112] The hamsters were collected their ascites which were then diluted with phosphate buffer by 3 times, mixed 
with ammonium sulfate to give a saturation degree of 50 w/v %, allowed to stand at 4°C for 24 hours, and centrifuged. 
The resultant sediment was collected, dialyzed against 20 mM potassium dihydrogen phosphate (pH 6.7) at 4°C over- 
20 night, and the dialyzed solution was fed to a column packed with hydroxyapatite which had been previously equilibrated 
with a fresh preparation of the same buffer. The column was fed with a linear gradient ranging from 20 mM to 300 mM 
in an aqueous potassium dihydrogen phosphate solution (pH 6.7) to obtain an aqueous solution containing the present 
monoclonal antibody M-lmAb. The yield was about 5 mg/hamster. Conventional analysis of the monoclonal antibody 
revealed that it is a class of IgM. 

25 

Example 4-2 

Analysis on Western b|ot technique 

30 [0113] A mixture solution, consisting of 100 mg dithiothreitol, 0.5 ml of 10 w/v % aqueous SDS solution, one ml of 
glycerol, was mixed with a purified protein obtained by the method in Example 3-2, and the resultant mixture was incu- 
bated at 37°C for one hour and subjected to SDS-PAGE. The resultant gel was in usual manner transferred to a nitro- 
cellulose membrane which was then soaked in a culture supernatant of hybridoma M-1 for one hour, washed with 50 
mM Tris-HCI buffer (pH 7.5) containing 0.05 v/v % tween 20 to remove excessive amount of antibody. The resultant 

35 nitrocellulose membrane was soaked for one hour in phosphate buffer containing an anti-rat immunoglobulin antibody 
which was prepared from rabbits and labeled with horseradish peroxidase, washed with 50 mM Tris-HCI buffer (pH 7.5) 
containing 0.05 v/v % tween 20, and soaked in 50 mM Tris-HCI buffer (pH 7.5) containing 0.005 v/v % hydrogen perox- 
ide and 0.3 mg/ml diamino benzine to effect coloration. 

[0114] As a control, a system, where a purified protein derived from mouse liver cell obtained by the method in 
40 Example 6 or a recombinant human interleukin 12 is used in place of the purified protein, is provided and treated simi- 
larly as above. The marker proteins used in this experiment were calf serum albumin (M W=67,000 daltons), ovalbumin 
(MW=45,000 daltons), carbonic anhydrolase (MW=30,000 daltons), trypsin inhibitor (MW=20,100 daltons) and ot-lac- 
talbumin (MW= 14,400 daltons). 

[0115] As is shown in FIG.4, the monoclonal antibody M-1mAb specifically reacted with the purified protein 
45 obtained by the method in Example 3-2 (lane 1 ), and the purified protein obtained by the method in Example 6 (lane 2). 
This indicates that the present monoclonal antibody specifically reacts with proteins having specific physicochemical 
properties independently of their preparations. 

Example 5 

50 

Purification of protein on immunoaffinitv chromatography 
Example 5-1 

55 Preparation of gel for immunoaffinitv chromatography 

[0116] Eighty mg of monoclonal antibody M-lmAb obtained by the method in Example 4-1 was weighed and dia- 
lyzed against 0.1 M borate buffer (pH 8.5) containing 0.5 M sodium chloride at 4°C overnight. Four g of "CNBr-activated 
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sepharose 4B*. a product of Pharmacia LKB, Uppsala, Sweden, as a water-soluble carrier, was swelled in one mM 
aqueous chloric acid solution, and washed with a fresh preparation of the same aqueous solution and 0.1 M borate 
buffer (pH 8.5) containing 0.5 M sodium chloride in this order, admixed with about 1 0 ml of the above dialyzed aqueous 
solution of monoclonal antibody, and successively gently stirred at ambient temperature for 2 hours and at 4°C over- 
5 night. The formed gel was first washed with one M aqueous ethanol amine solution (pH 8.0), then successively washed 
with 0.1 M borate buffer (pH 8.5) containing 0.5 M sodium chloride, and 0.1 M acetate buffer (pH 4.0) containing 0.5 M 
sodium chloride, and these washing steps were repeated 5 cycles. Finally, the resultant gel was washed with phosphate 
buffer to obtain a gel for immunoaffinity chromatography. Conventional analysis revealed that about 6 mg monoclonal 
antibody M-1mAb bound to one ml gel. 

10 

Example 5-2 

Purification of protein on immunoaffinity chromatography 

15 [0117] Ten ml of the gel for immunoaffinity chromatography in Example 5-1 was injected into a plastic cylindrical 
column, and the column was washed with phosphate buffer and loaded with 10 ml of fractions eluted from phenyl 
sepharose column containing about 0.1 mg/ml of the present purified protein obtained by the method in Example 3-2. 
Thereafter, the column was washed with a fresh phosphate buffer and fed with 35 mM aqueous ethylamine solution (pH 
1 0.8), followed by recovering fractions with IFN-y inducing activity. The fractions were pooled, concentrated, and meas- 

20 ured for IFN-y inducing activity and protein content and revealing that a purified protein with a purity of at least 95% was 
obtained in a yield of nearly 100% to the material. 

Example 6 

25 Purification of protein on immunoaffinity chromatography 

[0118] Six hundred 8-week-old female mice were intraperitoneally injected with one mg/mouse of dead cells of 
Corynebacterium parvum strain (ATCC 1 1827) prepared by heating at 60°C for one hour, fed in usual manner for 7 
days, and intravenously injected with one ng/mouse of a purified lipopolysaccharide derived from Escherichia coli. One 

30 to 2 hours after the intravenous injection, the mice were sacrificed, collected blood form their hearts, extracted their liv- 
ers, and disrupted with a homogenizer in 8-fold volumes of 50 mM phosphate buffer (pH 7.3) to effect extraction. The 
resultant extract was centrifuged at about 8,000 rpm for 20 min to obtain an about 9 L supernatant which was then 
mixed with 50 mM phosphate buffer (pH 7.3) containing saturated ammonium sulfate up to give a saturation degree of 
45 w/v %, allowed to stand at 4°C for 1 8 hours, and centrifuged at about 8,000 rpm for 30 min to obtain an about 1 9 L 

35 supernatant containing the present protein. 

[0119] The supernatant thus obtained was fed to a column packed with about 4.6 L of "PHENYL SEPHAROSE", a 
product of Pharmacia LKB, Uppsala, Sweden, which had been previously equilibrated with 50 mM phosphate buffer (pH 
7.3) containing one M ammonium sulfate, and the column was washed with a fresh preparation of the same buffer, and 
fed with a linear gradient of ammonium sulfate ranging from 1 M to 0.2 M in 50 mM phosphate buffer (pH 7.3) at an SV 

40 (space velocity) 0.57. About 4.8 L of fractions containing the present protein eluted at a concentration of about 0.8 M 
ammonium sulfate, was concentrated with a membrane, dialyzed against 20 mM phosphate buffer (pH 6.5) at 4°C for 
18 hours, and fed to a column packed with about 250 ml of "DEAE-SEPHAROSE", a product of Pharmacia LKB, Upp- 
sala, Sweden. Thereafter, the column was washed with a fresh preparation of the same buffer and fed with 20 mM phos- 
phate buffer (pH 6.5) containing sodium chloride ranging from 0 M to 0.2 M at an SV 1 .2 to elute the present protein at 

45 about 0.13 M sodium chloride. 

[0120] An about 260 ml eluate containing the present protein was collected, concentrated and purified similarly as 
in Example 5 to obtain a purified protein with a purity of at least 95% in a yield of nearly 1 00% to the material. 

Example 7 

50 

Detection of protein on enzyme immunoassay 

[0121] According to conventional method, rabbits were immunized with a purified protein obtained by the method 
in Example 3-2, and the rabbits were collected their blood, and from which IgG antibody was isolated, dissolved in phos- 
55 phate buffer to give 20 u,g/ml. One hundred u.l aliquots of the resultant solution were distributed into 96-well microplates 
which were then incubated at ambient temperature for 3 hours, followed by removing supernatants containing IgG in 
the wells, adding to the wells 1 00 \iVweW of phosphate buffer containing one w/v % calf serum albumin, and allowing the 
microplates to stand at 4°C overnight. 
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[0122] From the microplates supernatants were removed, and the microplates were washed with phosphate buffer 
containing 0.05 v/v % tween 20. A purified protein obtained by the method in Example 3-2 was diluted with phosphate 
buffer containing 0.5 w/v % calf serum albumin to give a prescribed concentration, and the diluted solution was added 
to the wells in a volume of 1 00 nl/well, followed by the reaction at ambient temperature for 2 hours under shaking con- 

5 ditions. The wells were washed with phosphate buffer containing 0.05 v/v % tween 20, mixed with 1 00 jal/well of mono- 
clonal antibody M-1 mAb labeled with biotin, followed by the reaction at ambient temperature for 2 hours under shaking 
conditions. Thereafter, the wells were washed with phosphate buffer containing 0.05 v/v % tween 20, and 1 00 uJ/well of 
a complex of horseradish peroxidase and streptoavidin, and subjected to immunological reaction at ambient tempera- 
ture for 2 hours under shaking conditions. Thereafter, the wells were washed with phosphate buffer containing 0.05 v/v 

7 0 % tween 20, and the activity of horseradish peroxidase coupled to the purified protein was measured based on the 
absorbance at a wavelength of 492 nm. The results were in Table 2. 



Table 2 



Concentration of protein 
(pg/ml) 


Absorbance at wave- 
length of 492 nm (mean 
value of triplicate) 


Relative error (%) 


2,000 


1.490±0.030 


2.0 


1,000 


0.723±0.007 


1.0 


500 


0.370±0.020 


5.4 


250 


0.21010.010 


4.8 


100 


0.090±0.010 


11.1 


50 


0.054±0.004 


6.7 


0 


0.017+0.003 


17.6 



30 [0123] As is evident from Table 2, the present detection method can accurately detect at least about 50-2,000 pg/ml 
of the present protein. 

Example 8 

35 Detection of protein on radioimmunoassay 

[0124] According to conventional method, rabbits were immunized with a purified protein obtained by the method 
in Example 3-2 and collected their blood, and from which IgG antibody was isolated. The antibody thus obtained was 
in usual manner allowed to adsorb on polystyrene beads for radioimmunoassay, and the resultant beads were allowed 

40 to stand at 4°C overnight to obtain an immobilized antibody. 

[0125] The immobilized antibody, a bead with the antibody, was placed in a test tube, mixed with 0.2 ml of a purified 
protein, obtained by the method in Example 3-2, which had been diluted with phosphate buffer containing 0.5 w/v % calf 
serum albumin, and allowed to stand at 4°C for 4 hours. Thereafter, the resultant bead was washed with phosphate 
buffer containing 0.05 v/v % tween 20 and 0.5 w/v % calf serum albumin, contacted with 0.2 ml (1x10 5 cpm) of mono- 

45 clonal antibody M-lmAb, obtained by the method in Example 4-1, which had been previously labeled with 125 l, and 
allowed to stand at 4°C overnight. From the system, an excessive amount of labeled antibody was removed, and the 
resultant bead was washed with phosphate buffer containing 0.05 v/v % tween 20 and 0.5 w/v % calf serum albumin, 
followed by counting the radioactivity of the bead. The results were in Table 3. 

50 

Table 3 



Concentration of protein 
(pg/ml) 


Count (cpm) (mean 
value of triplicate) 


Relative error (%) 


1,150 


15,900+700 


4.4 


575 


9,100±200 


2.2 


288 


4,700+200 


4.3 ; 
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Table 3 (continued) 



Concentration of protein 
(pg/ml) 


Count (cpm) (mean 
value of triplicate) 


Relative error (%) 


144 


2,300150 


2.2 


72 


1,21714 


0.3 


! 0 


15914 


2.6 



7o [0126] As is evident from Table 3, the detection method can accurately detect at least about 1 00-1 ,200 pg/ml of the 
protein. 

[0127] In summary the present invention is based on the finding of a novel protein which induces the IFN-y produc- 
tion by immunocompetent cells. The present protein is generally a substance with a partially or totally revealed amino 
acid sequence which has a stable activity of inducing IFN-y production by immunocompetent cells. Therefore, the 
15 present protein is widely used as an IFN-y inducer for the IFN-y production by the cell culture method and as a thera- 
peutic and/or prophylactic agent in general for IFN-y susceptive diseases such as viral diseases, malignant tumors and 
immunopathies. 

[0128] The present protein has a strong IFN-y inducibility so that it can induce the desired amount of IFN-y produc- 
tion with only a relatively small amount. The protein dose not cause serious side effects even when administered to in 

20 a relatively large amount because of its extremely low toxicity. Therefore, the present protein has an advantage that it 
quickly induces the desired amount of IFN-y production without strictly controlling the dose. The present protein has an 
outstanding activity of increasing the cytotoxicity of killer cells and inducing a strong activity on the therapeutic effect 
and/or the reduction of side effects in the treatment of adoptive immunotherapy for malignant tumors including solid car- 
cinomas such as lung cancer, renal cancer and breast cancer. 

25 [0129] The present protein with these useful properties can be obtained in a desired amount by using the present 
DNA encoding the protein. 

[0130] The present invention is a significant invention that exerts such a remarkable effect and gives a great contri- 
bution to this field. 

[0131] While there has been described what is at present considered to be the preferred embodiments of the inven- 
30 tion, it will be understood that various modifications may be made therein, and it is intended to cover in the appended 
claims ail such modifications as fall within the true spirit and scope of the invention. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

NAME : KABUSHIKI KAISHA HAY AS H I B ARA SEIBUTSU KAGAKU 
KENKYUJO 

(ii) TITLE OF INVENTION: IFN-y PRODUCTION INDUCING PROTEIN AND 
MONOCLONAL ANTIBODY OF THE SAME 



(iii) NUMBER OF SEQUENCES: 5 



(iv) ADDRESS: 

(A) ADDRESSEE: KABUSHIKI KAISHA HAYASHIBARA SEIBUTSU 
- KAGAKU KENKYUJO 

(B) STREET : 2-3 , 1-CHOME, SHIMOISHII 

(C) CITY: OKA YAMA 

(E) COUNTRY: JAPAN 

(F) POSTAL CODE (ZIP): 700 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM : PC-DOS/MS-DOS 

(D) SOFTWARE: Word Perfect Version 5.0 

(vii) PRIOR APPLICATION DATA: 

(Al) APPLICATION NUMBER: JP 184162/94 
(Bl) FILING DATE: July 14, 1994 
(A2) APPLICATION NUMBER : JP 45057/95 
(B2) FILING DATE : February 10, 1994 



( 2 ) INFORMATION FOR SEQ ID NO:l: 

( i ) SEQUENCE CHARACTERISTICS : 

( A) LENGTH: 25 amino acids 

( B ) TYPE : amino acid 
( D ) TOPOLOGY : linear 

( ii ) MOLECULE TYPE : peptide 

( v ) FRAGMENT TYPE : internal fragment 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

He He Ser Phe Glu Glu Met Asp Pro Pro Glu Asn He Asp Asp He 
1 5 10 15 

Gin Ser Asp Leu He Phe Phe Gin Lys 
20 25 



( 3 ) INFORMATION FOR SEQ ID NO: 2: 

( i ) SEQUENCE CHARACTERISTICS : 
( AJLENGTH: 18 amino acids 
(B)TYPE: amino acid 
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(D)TOPOLOGY: linear 
( ii ) MOLECULE TYPE: peptide 
( v ) FRAGMENT TYPE : internal fragment 
( xi ) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Gin Pro Val Phe Glu Asp Met Thr Asp He Asp Gin Ser Ala Ser Glu 



( 4 ) INFORMATION FOR SEQ ID NO: 3: 

( i ) SEQUENCE CHARACTERISTICS : 

15 (A) LENGTH: 157 amino acids 

(B)TYPE: amino acid 
( D .-TOPOLOGY : linear 

( ii ) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 



Asn 


Phe 


Gly 


Arg 


Leu 


His 


Cys 


Thr Thr 


Ala 


Val 


He 


Arg Asn He 


Asn 


1 








5 








10 








15 




Asp 


Gin 


Val 


Leu 
20 


Phe 


Val 


Asp 


Lys Arg 
25 


Gin 


Pro 


Val 


Phe 


Glu Asp 
30 


Met 


Thr 


Asp 


He 
35 


Asp 


Gin 


Ser 


Ala 


Ser Glu 
40 


Pro 


Gin 


Thr 


Arg 
45 


Leu He 


He 


Tyr 


Met 
50 


Tyr 


Lys 


Asp 


Ser 


Glu 
55 


Val Arg 


Gly 


Leu 


Ala 
60 


Val 


Thr Leu 


Ser 


Val 


Lys 


Asp 


Ser 


Lys 


Xaa 


Ser 


Thr Leu 


Ser 


Cys 


Lys 


Asn 


Lys He 


He 


65 










70 








75 




80 


Ser 


Phe 


Glu 


Glu 


Met 


Asp 


Pro 


Pro Glu 


Asn 


He 


Asp Asp 


He Gin 


Ser 










85 








90 








95 




Asp 


Leu 


He 


Phe 


Phe 


Gin 


Lys 


Arg Val 


Pro Gly 


His 


Asn 


Lys Met 


Glu 








100 








105 










110 




Phe 


Glu 


Ser 


Ser 


Leu 


Tyr 


Glu 


Gly His 


Phe 


Leu 


Ala 


Cys Gin Lys 


Glu 






115 










120 








125 






Asp 


Asp 


Ala 


Phe 


Lys 


Leu 


He 


Leu Lys 


Lys 


Lys 


Asp 


Glu 


Asn Gly 


Asp 




130 










135 








140 




Lys 


Ser 


Val 


Met 


Phe 


Thr 


Leu 


Thr Asn 


Leu 


His 


Gin 


Ser 






145 










150 








155 











( 5 ) INFORMATION FOR SEQ ID NO: 4: 

( i ) SEQUENCE CHARACT ERISTICS : 

(A) LENGTH: 471 base pairs 

(B) TYPE: nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

AACTTTGGCC GACTTCACTG TACAACCGCA GTAATACGGA ATATAAATGA CCAAGTTCTC 60 

TTCGTTGACA AAAGACAGCC TGTGTTCGAG GATATGACTG ATATTGATCA AAGTGCCAGT 120 

GAACCCCAGA CCAGACTGAT AATATACATG TACAAAGACA GTGAAGTAAG AGGACTGGCT 180 

GTGACCCTCT CTGTGAAGGA TAGTAAAAYG TCTACCCTCT CCTGTAAGAA CAAGATCATT 240 

TCCTTTGAGG AAATGGATCC ACCTGAAAAT ATTGATGATA TACAAAGTGA TCTCATATTC 300 

TTTCAGAAAC GTGTTCCAGG ACACAACAAG ATGGAGTTTG AATCTTCACT GTATGAAGGA 360 

CACTTTCTTG CTTGCCAAAA GGAAGATGAT GCTTTCAAAC TCATTCTGAA AAAAAAGGAT 420 



55 
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GAAAATGGGG ATAAATCTGT AATGTTCACT CTCACTAACT TACATCAAAG T 471 



( 6 ) INFORMATION FOR SEQ ID NO: 5: 

( i ) SEQUENCE CHARACTERISTICS : 

( A) LENGTH: 471 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDNESS : double 

( D ) TOPOLOGY : linear 

( ii ) MOLECULE TYPE : cDNA to mRNA 

(vi)ORIGINAL SOURCE: 
( A ) ANIMAL : mouse 

(ix) FEATURE: 

( A JNAME/KEY: 1 . . 471 mat peptide 
(C IDENTIFICATION METHOD: S 

(xi)SEC -cNCE DESCRIPTION: SEQ ID NO: 5: 



20 



25 



35 



40 





TTT 




OA -A 


LI 1 




I bi 


ACA 


ACC 


GCA 


GTA 


ATA 


CGG 


AAT 


ATA 


AAT 


48 


Asn 


Phe 


Gly 


Arg 


Leu 


His 


Cys 


Thr 


Thr 


Ala 


Val 


He 


Arg 


Asn 


He 


Asn 




•t 
1 








5 










10 








15 






GAC 


CAA 


GTT 


CTC 


TTC 


GTT 


GAC 


AAA 


AGA 


CAG 


CCT 


GTG 


TTC 


GAG 


GAT 


ATG 


96 


Asp 


Gin 


Val 


Leu 


OK 


val 


ASp 


Lys 


Arg 


Gin 


Pro 


Val 


Phe 


Glu Asp Met 










20 










25 










30 








ACT 


GAT 


ATT 


GAT 


CAA 


AGT 


GCC 


AGT 


GAA 


CCC 


CAG 


ACC 


AGA 


CTG 


ATA 


ATA 


144 


Thr 


Asp 


lie 

35 ' 


Asp 


Gin 


Ser 


Ala 


Ser 
40 


Glu 


Pro 


Gin 


Thr 


Arg 
45 


Leu 


He 


He 




TAC 


ATG 


TAC 


AAA 


GAC 


AGT 


GAA 


GTA 


AGA 


GGA 


CTG 


GCT 


GTG 


ACC 


CTC 


TCT 


192 


Tyr 


Met 
50 




Lys 


Asp 


Ser 


Glu 
55 


Val 


Arg 


Gly 


Leu 


Ala 
60 


Val 


Thr 


Leu 


Ser 




GTG 


AAG 


GAT 


AGT 


AAA 


AYG 


TCT 


ACC 


CTC 


TCC 


TGT 


AAG 


AAC 


AAG 


ATC 


ATT 


240 


Val 


Lys 


Asp 


Ser 


Lys 


Xaa 


Ser 


Thr 


Leu 


Ser 


Cys 


Lys 


Asn 


Lys 


He 


He 




65 










70 










75 








80 




TCC 


TTT 


GAG 


GAA 


ATG 


GAT 


CCA 


CCT 


GAA 


AAT 


ATT 


GAT 


GAT 


ATA 


CAA 


AGT 


288 


Ser 


Phe 


Glu 


Glu 


Met 


Asp 


Pro 


Pro 


Glu 


Asn 


He 


Asp 


Asp 


He 


Gin 


Ser 












85 










90 






95 






GAT 


CTC 


ATA 


TTC 


TTT 


CAG 


AAA 


CGT 


GTT 


CCA 


GGA 


CAC 


AAC 


AAG 


ATG 


GAG 


336 


Asp 


Leu 


He 


Phe 


Phe 


Gin 


Lys 


Arg Val 


Pro Gly 


His Asn Lys Met Glu 










100 










105 










110 








TTT 


GAA 


TCT 


TCA 


CTG 


TAT 


GAA 


GGA 


CAC 


TTT 


CTT 


GCT 


TGC 


CAA 


AAG 


GAA 


384 


Phe 


Glu 


Ser 


Ser 


Leu 


Tyr 


Glu 


Gly His 


Phe 


Leu Ala Cys Gin Lys Glu 








115 










120 










125 










GAT 


GAT 


GCT 


TTC 


AAA 


CTC 


ATT 


CTG 


AAA 


AAA 


AAG 


GAT 


GAA 


AAT 


GGG 


GAT 


432 


Asp 


Asp 


Ala 


Phe 


Lys 


Leu 


He 


Leu 


Lys 


Lys 


Lys Asp Glu Asn Gly Asp 






130 










135 










140 












AAA 


TCT 


GTA 


ATG 


TTC 


ACT 


CTC 


ACT 


AAC 


TTA 


CAT 


CAA 


AGT 








471 


Lys Ser Val Met 


Phe 


Thr 


Leu 


Thr 


Asn 


Leu 


His 


Gin 


Ser 










145 










150 










155 















so Claims 



1. A protein which has the following physicochemical properties: 

(1) Molecular weight 

55 19,000±5,000 daltons on gel filtration and sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS- 

PAGE); 

(2) Isoelectric point (pi) 
4.8±1 .0 on chromatofocusing; 
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(3) Partial amino acid sequence 

Possessing partial amino acid sequences as depicted in SEQ ID NOs:1 and 2; and 

(4) Biological activity 

Inducing interferon-? production by immunocompetent cells. 

5 

2. The protein as claimed in claim 1 , which has an amino acid sequence containing a part or the whole of the amino 
acid sequence as depicted in SEQ ID NO:3 (where the symbol "Xaa" means "methionine" or "threonine"). 

3. A DNA which encodes the protein of claim 1 . 

w 

4. The DNA as claimed in claim 3, which has a base sequence containing a part or the whole of either the base 
sequence as depicted in SEQ ID NO:4 or a complementary base sequence to SEQ ID NO:4. 

5. The DNA as claimed in claim 4, wherein one or more bases in SEQ ID NO:4 are replaced with other bases by 
15 means of the degeneracy of genetic code without altering the amino acid sequence in SEQ ID NO:3 (where the 

symbol "Xaa" means "methionine" or "threonine") which depicts the amino acid sequence encoded by SEQ ID 

NO:4. 

6. The DNA as claimed in any one of claims 3 to 5, which is derived from mouse liver. 

20 

7. A replicable recombinant DNA which contains a self-replicable vector and a DNA encoding the protein of claim 1 . 

8. The replicable recombinant DNA as claimed in claim 7, which has a base sequence containing a part or the whole 
of either the base sequence as depicted in SEQ ID NO:4 or a complementary base sequence to SEQ ID NO:4. 

25 

9. The replicable recombinant DNA as claimed in claim 8, wherein one or more bases in SEQ ID NO:4 are replaced 
with other bases by means of the degeneracy of genetic code without altering the amino acid sequence of SEQ ID 
NO:3 (where the symbol "Xaa" means "methionine" or "threonine") which depicts the amino acid sequence 
encoded by SEQ ID NO:4. 

30 

10. A transformant cell obtainable by introducing into a host cell a replicable recombinant DNA which contains a self- 
replicable vector and a DNA encoding the protein of claim 1 . 

1 1 . The transformant as claimed in claim 1 0, which has a base sequence containing a part or the whole of either the 
35 base sequence as depicted in SEQ ID NO:4 or a complementary base sequence to SEQ ID NO:4. 

12. The transformant as claimed in claim 1 1 , wherein one or more bases in SEQ ID NO:4 are replaced with other bases 
by means of the degeneracy of genetic code without altering the amino acid sequence of SEQ ID No:3 (where the 
symbol "Xaa" means "methionine" or "threonine") which depicts the amino acid sequence encoded by SEQ ID 

40 NO:4. 

13. The transformant as claimed in any one of claims 10 to 12, wherein said host is a microorganism of the species 
Escherichia coli. 

45 14. A process for preparing a protein, which comprises (a) culturing a transformant capable of forming the protein of 
claim 1 or claim 2 in a nutrient culture medium, and (b) collecting the formed protein from the resultant culture. 

15. The process as claimed in claim 14, wherein said transformant is obtainable by introducing into a host a replicable 
recombinant DNA which contains a self-replicable vector and a DNA encoding the protein. 

so 

16. The process as claimed in claim 14 or claim 15, which has a base sequence containing a part orthe whole of either 
the base sequence as depicted in SEQ ID NO:4 or a complementary base sequence to SEQ ID NO:4. 

17. The process as claimed in claim 1 6, wherein one or more bases in SEQ ID NO:4 are replaced with other bases by 
55 means of the degeneracy of genetic code without altering the amino acid sequence in SEQ ID NO:3 (where the 

symbol "Xaa" means "methionine" or threonine") which depicts the amino acid sequence encoded by SEQ ID 
NO:4. 
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18. The process as claimed in any one of claims 14 to 17, wherein said host is a microorganism of the species 
Escherichia coli. 

1 9. The process as claimed in any one of claims 1 4 to 1 8, wherein the protein formed in the step (a) is purified by one 
5 or more purification methods selected from the group consisting of concentration, salting out, dialysis, separatory 

sedimentation, gel filtration chromatography, ion-exchange chromatography, hydrophobic chromatography, affinity 
chromatography, chromatofocusing, gel electrophoresis, and isoelectric point-electrophoresis. 

20. A monoclonal antibody which is specific for the protein of claim 1 or claim 2. 

10 

21. The monoclonal antibody as claimed in claim 20, which belongs to the class if IgG or IgM. 

22. A hybridoma capable of forming the monoclonal antibody as claimed in claim 20 or claim 21 . 

75 23. A process for producing a monoclonal antibody, which comprises culturing in vivo or in vitro a hybridoma capable 
of forming the monoclonal antibody as claimed in any one of claims 20 to 22 and collecting the formed monoclonal 
antibody from the resultant culture or the resultant liquid culture medium. 

24. The process as claimed in claim 23, wherein the monoclonal antibody is collected from the resultant culture or liq- 
20 uid culture medium by one or more methods selected from the group consisting of salting out, dialysis, filtration, 
concentration, centrifugation, separatory sedimentation, gel filtration chromatography, ion-exchange chromatogra- 
phy, high-performance liquid chromatography, affinity chromatography, gel electrophoresis and isoelectric point 
electrophoresis. 

25 25. A method for purifying a protein, which comprises contacting the monoclonal antibody of claim 20 or claim 21 with 
a mixture containing impurities and a protein having the following physicochemical properties to absorb it on the 
monoclonal antibody, and desorbing the adsorbed protein from the monoclonal antibody: 

(1) Molecular weight 

30 19,000±5,000 daltons on gel filtration and sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS- 

PAGE); 

(2) Isoelectric point (pi) 
4.8±1 .0 on chromatofocusing; 

(3) Partial amino acid sequence 

35 Possessing partial amino acid sequences as depicted in SEQ ID NOs:1 and 2; and 

(4) Biological activity 

Inducing interferon-y production by immunocompetent cells. 

26. The method as claimed in claim 25, wherein said monoclonal antibody is coupled to a water-insoluble carrier. 

40 

27. The method as claimed in claim 25 or claim 26, wherein said protein contains a part or the whole of the amino acid 
sequence as depicted in SEQ ID NO:3 (where the symbol "Xaa" means "methionine" or "threonine"). 

28. A method for detecting a protein having the following physicochemical properties, which comprises a step of con- 
45 tacting the monoclonal antibody of claim 20 or claim 21 with a test sample containing the protein to effect immuno- 

reaction: 

(1) Molecular weight 

19,000±5,000 daltons on gel filtration and sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS- 
so PAGE); 

(2) Isoelectric point (pi) 
4.8±1 .0 on chromatofocusing; 

(3) Partial amino acid sequence 

Possessing partial amino acid sequences as depicted in SEQ ID NOs:1 and 2; and 
55 (4) Biological activity 

Inducing interferon-y production by immunocompetent cells. 

29. The method as claimed in claim 28, wherein said monoclonal antibody is labelled with a member selected from the 
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group consisting of a radioactive substance, an enzyme, a fluorescent substance, and mixtures thereof. 

30. An IFN-y production inducing agent which contains an effective amount of the protein of claim 1 or claim 2 as an 
effective ingredient. 

5 

31. A therapeutic agent comprising a pharrnaceutically-acceptable carrier and an effective amount of the protein of 
claim 1 or claim 2 as an effective ingredient. 

32. A protein as defined in claim-1 or claim 2 for use as a medicament. 

w 

33. Use of a protein as defined in claim 1 or claim 2 for the manufacture of a medicament for the treatment of cancer. 

34. Use of a monoclonal antibody as defined in claim 20 or claim 21 for the preparation of a composition for the forma- 
tion of a protein-monoclonal antibody complex. 

75 

35. Use of a monoclonal antibody as defined in claim 20 or claim 21 for detection or for specific binding of a protein as 
defined in claim 1 or claim 2. 

36. A plurality of hybridomas capable of forming a plurality of different monoclonal antibodies, wherein each mono- 
20 clonal antibody is a monoclonal antibody according to claim 20 or claim 21 . 

Patentanspruche 

1. Protein, das die folgenden physikalisch-chemischen Eigenschaften aufweist: 

25 

(1) Molekulargewicht 

19.00015.000 Dalton in einer Gelfiltration und einer Sodium-dodecylsulfat-Polyacrylamid-Gelelektrophorese 
(SDS-PAGE); 

(2) Isoelektrischer Punkt (pi) 

30 4,8±1 ,0 in einer chromatographischen Fokusierung; 

(3) Teil-Aminosauresequenz 

enthaltend Teil-Aminosauresequenzen wie in SEQ ID NOs:1 und 2 dargestellt; und 

(4) Biologische Aktiv'rtat 

Induktion der Interferon-? Produktion durch immunkompetente Zellen. 

35 

2. Protein nach Anspruch 1 , das eine Aminosauresequenz aufweist, die einen Teil Oder die vollstandige Aminosaure- 
sequenz wie in SEQ ID NO:3 dargestellt, enthalt (wobei das Symbol „Xaa n "Methionin" Oder w Threonin" bedeutet). 

3. DNA, die das Protein nach Anspruch 1 kodiert. 

40 

4. DNA nach Anspruch 3, die eine Basensequenz aufweist, die einen Teil Oder die vollstandige Basensequenz ent- 
weder wie in SEQ ID NO:4 dargestellt Oder eine komplementare Basensequenz zu SEQ ID NO:4, enthatt. 

5. DNA nach Anspruch 4, wobei eine Oder mehrere Basen in SEQ ID NO:4 durch andere Basen durch die Degene- 
45 ration des genetischen Codes ersetzt sind ohne die Aminosauresequenz in SEQ ID NO:3 (wobei das Symbol n Xaa" 

..Methionin" oder M Threonin" bedeutet) zu verandern, welche die Aminosauresequenz, die von SEQ ID NO:4 
kodiert wird, darstellt. 

6. DNA nach einem der Anspruche 3 bis 5, die von Mauseleber abgeleitet ist. 

50 

7. Vermehrungsfahige rekombinante DNA, die einen selbst vermehrungsfahigen Vektor und eine DNA aufweist, die 
das Protein nach Anspruch 1 kodiert. 

8. Vermehrungsfahige rekombinante DNA nach Anspruch 7, die eine Basensequenz aufweist, die einen Teil oder die 
55 vollstandige Basensequenz entweder wie in SEQ ID NO:4 dargestellt oder eine komplementare Basensequenz zu 

SEQ ID NO:4, enthalt. 

9. Vermehrungsfahige rekombinante DNA nach Anspruch 8, wobei eine oder mehrere Basen in SEQ ID NO:4 durch 
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andere Basen durch die Degeneration des genetischen Codes ersetzt sind ohne die Aminosauresequenz in SEQ 
ID NO:3 (wobei das Symbol „Xaa M „Methionin° oder„Threonin" bedeutet) zu verandern, welche die Aminosaurese- 
quenz, die von SEQ ID NO:4 kodiert wird, darstellt. 

5 10. Transformierte Zelle, erhaltlich durch das Einfuhren einer vermehrungsfahigen rekombinanten DNA in eine Wirts- 
zelle, wobei die vermehrungsfahige rekombinante DNA einen selbst vermehrungsfahigen Vektor und eine DNA, 
die das Protein nach Anspruch 1 kodiert, umfaBt. 

11. Transformante nach Anspruch 10, die eine Basensequenz aufweist, die einen Teil Oder die vollstandige Basense- 
w quenz entweder wie in SEQ ID NO:4 dargestellt Oder eine komplementare Basensequenz zu SEQ ID NO:4, ent- 

halt. 

12. Transformante nach Anspruch 1 1 , wobei eine Oder mehrere Basen in SEQ ID NO:4 durch andere Basen durch die 
Degeneration des genetischen Codes ersetzt sind ohne die Aminosauresequenz in SEQ ID NO:3 (wobei das Sym- 

15 bol ..Xaa" ..Methionin" oder H Threonin" bedeutet) zu verandern, welche die Aminosauresequenz, die von SEQ ID 
NO:4 kodiert wird, darstellt. 

13. Transformante nach einem der Anspruche 10 bis 12, wobei der Wirt ein Mikroorganismus der Spezies Escherichia 
coli ist. 

20 

14. Verfahren zur Herstellung eines Proteins, umfassend (a) Kultivieren einer Transformante, die fahig ist das Protein 
nach Anspruch 1 oder 2 zu bilden, in einem Nahrkulturmedium, und (b) Gewinnen des gebildeten Proteins aus der 
resultierenden Kultur. 

25 15. Verfahren nach Anspruch 14, wobei die Transformante erhaltlich ist durch das Einfuhren einer vermehrungsfahigen 
rekombinanten DNA in einen Wirt, wobei die DNA einen seibst vermehrungsfahigen Vektor und eine DNA, die fur 
das Protein kodiert, aufweist. 

16. Verfahren nach Anspruch 14 oder 15, das eine Basensequenz aufweist, die einen Teil oder die vollstandige Basen- 
30 sequenz entweder wie in SEQ ID NO:4 dargestellt oder eine komplementare Basensequenz zu SEQ ID NO:4, ent- 

halt. 

17. Verfahren nach Anspruch 16, wobei eine oder mehrere Basen in SEQ ID NO:4 durch andere Basen durch die 
Degeneration des genetischen Codes ersetzt sind ohne die Aminosauresequenz in SEQ ID NO:3 (wobei das Sym- 

35 bol .Xaa" „Methionin n oder ..Threonin" bedeutet) zu verandern, welche die Aminosauresequenz, die von SEQ ID 
NO:4 kodiert wird, darstellt. 

18. Verfahren nach einem der Anspruche 14 bis 17, wobei der Wirt ein Mikroorganismus der Spezies Escherichia coli 
ist. 

40 

19. Verfahren nach einem der Anspruche 14 bis 18, wobei das in Schritt (a) gebildete Protein durch eines oder meh- 
rere Reinigungsverfahren gereinigt wird, die ausgewShlt sind aus der Gruppe bestehend aus Konzentration, Aus- 
salzen, Dialyse, Trennen durch Sedimentation, Gelfiltrations-Chromatographie lonenaustausch-Chromatographie, 
hydrophobe Chromatographie, Affinitatschromatographie, Chromatofokusierung, Gelelektrophorese, und Elektro- 

45 phorese des isoelektrischen Punktes. 

20. Monoklonaler Antik6rper, der spezifisch ist fur das Protein nach Anspruch 1 oder 2. 

21. Monoklonaler Antikflrper nach Anspruch 20, der zur IgG oder IgM Klasse gehfcrt. 

50 

22. Hybridom, das fahig ist den monoklonalen Antik6rper nach Anspruch 20 oder 21 zu bilden. 

23. Verfahren zur Herstellung eines monoklonalen Antikdrpers, umfassend in vivo oder in vitro Kultivieren eines Hybri- 
doms, das fahig ist den monoklonalen Antikfirper nach einem der Anspruche 20 bis 22 zu bilden und Gewinnen 

55 des gebildeten Antikdrpers aus der resultierenden Kultur oder dem resultierenden flussigen Kulturmedium. 

24. Verfahren nach Anspruch 23, wobei der monoklonale Antik6rper aus der resultierenden Kultur oder dem flussigen 
Kulturmedium durch eines oder mehrere Verfahren gewonnen wird, die ausgewahlt sind aus der Gruppe beste- 
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hendaus Aussalzen, Dialyse, Filtration, Konzentration, Zentrifugation, Trennen durch Sedimentation, Gelfiltrations- 
Chromatographie, lonenaustausch-Chromatographie, Hochdruck-Flussigkeitschromatographie, Affinitatschroma- 
tographie, Gelelektrophorese, und Elektrophorese des isoelektrischen Punktes. 

25. Verfahren zur Reinigung eines Proteins, umfassend Zusammenbringen des monoklonalen Antikorpers nach 
Anspruch 20 oder 21 mit einer Mischung, die Verunreinigungen und ein Protein mit den folgenden physikalisch- 
chemischen Eigenschaften aufweist, wodurch es an den monoklonalen Antikorper absorbiert, und Desorbieren 
des adsorbierten Proteins von dem monoklonalen Antikorper: 

(1) Molekulargewicht 

19.00015.000 Dalton in einer Gelfiltration und einer Sodium-dodecylsulfat-Polyacry!amid*Geielektrophorese 
(SDS-PAGE); 

(2) Isoelektrischer Punkt (pi) 

4,8±1,0 in einer chromatographischen Fokusierung; 

(3) Teil-Aminosauresequenz 

enthaftend Teil-Aminosauresequenzen wie in SEQ ID NOs:1 und 2 dargestellt; und 

(4) Biologische Aktivitat 

Induktion der Interferon-y Produktion durch immunkompetente Zellen. 

26. Verfahren nach Anspruch 25, wobei der monoklonale Antikorper mit einem Wasserunloslichen Trager verbunden 
ist. 

27. Verfahren nach Anspruch 25 oder 26, wobei das Protein einen Teil Oder die vollstandige Aminosauresequenz wie 
in SEQ ID NO:3 dargestellt, enthalt (wobei das Symbol l( Xaa" n Methionin B oder ..Threonin" bedeutet). 

28. Verfahren zum Nachweis eines Proteins mit den folgenden physikalisch-chemischen Eigenschaften, wobei das 
Verfahren einen Schrift des Zusammenbringens des monoklonalen Antikorpers nach Anspruch 20 oder 21 mit 
einer Testprobe umfaBt, die das Protein enthalt, wodurch eine Immunreaktion bewirkt wird: 

(1) Molekulargewicht 

19.00015.000 Dalton in einer Gelfiltration und einer Sodium-dodecylsulfat-Polyacrylamid-Gelelektrophorese 
(SDS-PAGE); 

(2) Isoelektrischer Punkt (pi) 

4,8±1,0 in einer chromatographischen Fokusierung; 

(3) Teil-Aminosauresequenz 

enthattend Teil-Aminosauresequenzen wie in SEQ ID NOs:1 und 2 dargestellt; und 

(4) Biologische Aktivitat 

Induktion der Interferon-y Produktion durch immunkompetente Zellen. 

29. Verfahren nach Anspruch 28, wobei der monoklonale Antikdrper mit einem M'rtglied markiert ist, das ausgewahft ist 
aus der Gruppe bestehend aus einer radioaktiven Substanz, einem Enzym, einer fluoreszierenden Substanz und 
Mischungen davon. 

30. Mittel zur Induktion der IFIM-y Produktion, das eine wirksame Menge des Proteins nach Anspruch 1 oder 2 als einen 
aktiven Bestandteil aufweist. 

31. Therapeutisches Mittel, das einen pharmazeutisch geeigneten Trager und eine wirksame Menge des Proteins 
nach Anspruch 1 oder 2 als aktiven Bestandteil aufweist. 

32. Protein nach Anspruch 1 oder 2 zur Verwendung als ArzneimitteL 

33. Verwendung des Proteins nach Anspruch 1 oder 2 fur die Herstellung eines Arzneimittels zur Behandlung von 
Krebs. 

34. Verwendung des monoklonalen Antikdrpers nach Anspruch 20 oder 21 zur Herstellung einer Zusammensetzung 
zur Bildung eines Komplexes bestehend aus Protein und monoklonalem Antikdrper. 

35. Verwendung des monoklonalen Antikdrpers nach Anspruch 20 oder 21 fur den Nachweis oder fOr die spezifische 
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Bindung des Proteins nach Anspruch 1 oder2. 

36. Vielzahl von Hybridoma, die fahig sind eine Vietzahl von verschiedenen monoklonalen Antikorpern zu bilden, 
wobei jeder monoklonale Antikorper ein monoklonaler Antik6rper nach Anspruch 20 oder 21 ist. 

5 

Revendications 

I . Proteine qui a les proprietes physico-chimiques suivantes : 

w (1 ) poids moleculaire 

19 000 ± 5000 daltons par filtration sur gel et electrophorese sur gel de polyacrylamide au dodecyl sulfate de 

sodium (SDS-PAGE) ; 

(2) point isoelectrique (PI) 

4,8 ± 1,0 parchromatofocalisation ; 
15 (3) sequence partielle d'amino-acides 

possedant les sequences partielles d'amino-acides representees dans les SEQ ID n° 1 et 2 ; et 

(4) activite biologique 

induisant ia production d'interferon-Y par des cellules immunocompetentes. 

20 2. Proteine suivant la revendication 1, qui a une sequence d'amino-acides contenant une partie ou la totalite de la 
sequence d'amino-acides representee dans la SEQ ID n° 3 (ou le symbole "Xaa" designe la "methionine" ou 
"threonine"). 

3. ADN qui code pour la proteine suivant la revendication 1 . 

25 

4. ADN suivant la revendication 3, qui a une sequence de bases contenant une partie ou la totalite de la sequence de 
bases representee dans la SEQ ID n° 4 ou bien d'une sequence de bases complementaire de la SEQ ID n° 4. 

5. ADN suivant la revendication 4, dans lequel une ou plusieurs bases dans IA SEQ ID n° 4 sont remplacees par 
30 d'autres bases en raison de la degenerescence du code genetique sans modifier la sequence d'amino-acides dans 

la SEQ ID n° 3 (ou le symbole "Xaa" designe la "methionine" ou "threonine") qui represente la sequence d'amino- 
acides codee par la SEQ ID n° 4. 

6. ADN suivant I'une quelconque des revendications 3 a 5, qui est derive du foie de souris. 

35 

7. ADN recombinant replicable qui contient un vecteur autoreplicable et un ADN codant pour la proteine suivant la 
revendication 1 . 

8. ADN recombinant replicable suivant la revendication 7, qui a une sequence de bases contenant une partie ou la 
40 totalite de la sequence de bases representee dans la SEQ ID n° 4 ou bien d'une sequence de bases complemen- 
taire de la SEQ ID n° 4. 

9. ADN recombinant replicable suivant la revendication 8, dans lequel une ou plusieurs bases dans la SEQ ID n° 4 
sont remplacees par d'autres bases en raison de la degenerescence du code g6n6tique sans modifier la sequence 

45 d'amino-acides de la SEQ ID n° 3 (ou le symbole "Xaa" designe la "methionine" ou "threonine") qui represente la 
sequence d'amino-acides cod6e par la SEQ ID n° 4. 

10. Cellule transformante pouvant etre obtenue en introduisant dans une cellule-ndte un ADN recombinant replicable 
qui contient un vecteur autoreplicable et un ADN codant pour la proteine suivant la revendication 1. 

so 

II. Transformant suivant la revendication 10, qui a une sequence de bases contenant une partie ou la totalite de ia 
sequence de bases representee dans la SEQ ID n° 4 ou d'une sequence de bases complementaire de la SEQ ID 
n° 4. 

55 12. Transformant suivant la revendication 1 1 , dans lequel une ou plusieurs bases dans la SEQ ID n° 4 sont remplacees 
par d'autres bases en raison de la d6gen6rescence du code g6n6tique sans modifier la sequence d'amino-acides 
de la SEQ ID n° 3 (ou le symbole "Xaa" designe la "methionine" ou threonine") qui represente la sequence 
d'amino-acides cod6e par la SEQ ID n° 4. 
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13. Transformant suivant Tune quelconque des revendications 10 a 12, dans lequel I'hote est un micro-organisme de 
I'espece Escherichia coli. 

14. Procede pour la preparation d'une proteine, qui comprend les etapes consistant (a) a cuttiver un transformant 
5 capable de former la proteine suivant la revendication 1 ou la revendication 2 dans un milieu nutritif de culture, et 

(b) a recueillir la proteine formed a partir de la culture resultante. 

15. Procede suivant la revendication 14, dans lequel le transformant peut etre obtenu en introduisant dans un hdte un 
ADN recombinant r6plicable qui contient un vecteur autor6plicable et un ADN codant pour la proteine. 

w 

16. Procede suivant la revendication 14 ou la revendication 15, qui comporte une sequence de bases contenant une 
partie ou la totalite de la sequence de bases representee dans la SEQ ID n° 4 ou d'une sequence de bases com- 
plementaire de la SEQ ID n° 4. 

15 17. Procede suivant la revendication 16, dans lequel une ou plusieurs bases dans la SEQ ID n° 4 sont remplacees par 
d'autres bases en raison de la degeneVescence du code genetique sans modifier la sequence d'amino-acides dans 
ta SEQ ID n° 3 (ou le symbole "Xaa" represente la "methionine" ou "threonine") qui represente la sequence 
d'amino-acides codee par la SEQ ID n° 4. 

20 18. Procede suivant Tune quelconque des revendications 14 a 17, dans lequel I'hote est un micro-organisme de 
I'espece Escherichia coli. 

19. Procede suivant Tune quelconque des revendications 14 a 18, dans iequel la proteine formee dans I'etape (a) est 
purifiee par un ou plusieurs procedes de purification choisis dans le groupe consistant en la concentration, le relar- 

25 gage, la dialyse, la sedimentation separatrice, la chromatographie de filtration sur gel, la chromatographie 
d'echange d'ions, la chromatographie hydrophobe, la chromatographie d'affinite, la chromatofocalisation, I'electro- 
phorese sur gel et I'electrophorese au point iso-eiectrique. 

20. Anticorps monoclonal qui est specifique de la proteine suivant la revendication 1 ou la revendication 2. 

30 

21. Anticorps monoclonal suivant la revendication 20, qui appartient a la categorie des IgG ou IgM. 

22. Hybridome capable de former i'anticorps monoclonal suivant la revendication 20 ou la revendication 21 . 

35 23. Procede pour la production d'un anticorps monoclonal, qui comprend les etapes consistant a cultiver in vivo ou in 
vitro un hybridome capable de former I'anticorps monoclonal suivant I'une quelconque des revendications 20 a 22 
et a recueillir I'anticorps monoclonal forme a partir de la culture resultante ou du milieu liquide de culture resultant. 

24. Procede suivant la revendication 23, dans lequel I'anticorps monoclonal est recueilli a partir de la culture resultante 
40 ou du milieu liquide de culture resultant par un ou plusieurs procedes choisis dans le groupe consistant en le relar- 
gage, la dialyse, la filtration, ia concentration, la centrifugation, la sedimentation separatrice, la chromatographie 
de filtration sur gel, la chromatographie d'echange d'ions, la chromatographie en phase liquide a haute perfor- 
mance, la chromatographie d'affinite, I'electrophorese sur gel et I'electrophorese au point iso-eiectrique. 

45 25. Precede pour purifier une proteine, qui comprend les etapes consistant a mettre en contact I'anticorps monoclonal 
suivant la revendication 20 ou la revendication 21 avec un melange contenant des impuretes et une proteine ayant 
les proprietes physico-chimiques suivantes pour ('absorption de cette proteine sur I'anticorps monoclonal, et a 
desorber la proteine adsorbee de I'anticorps monoclonal : 

so (1) poids moieculaire 

19 000 ± 5000 daltons par filtration sur gel et eiectrophorese sur gel de polyacryiamide au dodecylsulfate de 

sodium (SDS-PAGE) ; 

(2) point isoeiectrique (pi) 

4,8 ± 1,0 par chromatofocalisation ; 
55 (3) sequence partielle d'amino-acides 

possedant les sequences partielles d'amino-acides representees dans les SEQ ID n° 1 et 2 ; et 

(4) activite biologique 

induisant la production cfinterferon-Y par des cellules immunocompetentes. 
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26. Precede suivant la revendication 25, dans lequel I'anticorps monoclonal est couple a un support insoluble dans 
I'eau. 

27. Procede suivant la revendication 25 ou la revendication 26, dans lequel la proteine contient une partie ou la totalite 
5 de la sequence d'amino-acides representee dans la SEQ ID n° 3 (ou le symbole "Xaa" d6signe la "methionine" ou 

"threonine"). 

28. Methode pour detecter une proteine ayant les proprietes physico-chimiques suivantes, qui comprend une etape 
consistant & mettre en contact I'anticorps monoclonal suivant la revendication 20 ou la revendication 21 avec un 

w echantillon d'essai contenant la proteine pour provoquer une immuno-reaction : 

(1) poids moleculaire 

19 000 ± 5000 daltons par filtration sur gel et 6lectrophorese sur gel de polyacrylamide au dodecylsulfate de 
sodium (SDS-PAGE) ; 
15 (2) point isoelectrique (PI) 

4,8 ± 1,0 parchromatofocalisation ; 

(3) sequence partielle d'amino-acides 

possedant les sequences partielles d'amino-acides representees dans les SEQ ID n° 1 et 2 ; et 

(4) activite biologique 

20 induisant la production d'interferon-y par des cellules immunocompetentes. 

29. Methode suivant la revendication 28, dans laquelle I'anticorps monoclonal est marque avec un membre choisi dans 
le groupe consistant en une substance radio-active, une enzyme, une substance fluorescente et leurs melanges. 

25 30. Agent induisant la production de IFN-y, qui contient une quantity efficace de la proteine suivant la revendication 1 
ou la revendication 2 comme ingredient efficace. 

31. Agent therapeutique comprenant un support pharmaceutiquement acceptable et une quantite efficace de la pro- 
teine suivant la revendication 1 ou la revendication 2 comme ingredient efficace. 

30 

32. Proteine repondant a la definition suivant la revendication 1 ou revendication 2, destined a etre utilised comme 
medicament. 

33. Utilisation d'une proteine repondant k la definition suivant la revendication 1 ou la revendication 2 pour la produc- 
es tion d'un medicament destine au traitement du cancer. 

34. Utilisation d'un anticorps monoclonal repondant & la definition suivant la revendication 20 ou la revendication 21 
pour la preparation d'une composition destinee & la formation d'un complexe proteine-anticorps monoclonal. 

40 35. Utilisation cfun anticorps monoclonal repondant la definition suivant la revendication 20 ou la revendication 21 pour 
la detection ou la liaison sp6cifique d'une proteine repondant d la definition suivant la revendication 1 ou la reven- 
dication 2. 

36. Plurality d'hybridomes capable de former une pluralite d'anticorps monoclonaux differents, chaque anticorps 
45 monoclonal etant un anticorps monoclonal suivant la revendication 20 ou la revendication 21 . 
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